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FOREWORD 


This  final  report  on  "Army  Aviation  Manufacturing  Technology  Pro- 
gram Guidance"  covers  the  work  performed  under  Manufacturing  Methods  and 
Technology  Project  1748138,  Contract  DAAJ01-75-C-0448  (PIG)  with  Battelle's 
Columbus  Laboratories  during  the  period  February  1,  1975,  to  May  17,  1976. 

This  program  has  been  conducted  in  the  Metalworking  Section  of 
Battelle's  Columbus  Laboratories  with  Mr.  T.  G.  Byrer,  Section  Manager. 
Project  Manager  was  Mr.  H.  J.  Henning,  Research  Leader,  Department  of 
Metallurgy.  Mr.  B.  R.  Noton,  Research  Leader,  Structures  and  Mechanics 
Department  was  a major  contributor  to  the  sections  of  the  report  dealing 
with  composites.  Other  participants  included  Mr.  M.  D.  Randall  and 
Dr.  R.  S.  Williams  of  the  Fabrication  and  Quality  Assurance  Section. 

Other  Battelle  specialists  were  consulted  as  appropriate  for  information 
about  specific  technical  areas. 

This  project  was  monitored  by  Mr.  Roger  Spangenberg  of  the 
AVSCOM  Production  Technology  Branch.  The  AVSCOM  Production  Technology 
Branch  is  headed  by  Mr.  Robert  Vollmer,  Chief. 

The  recommendations  obtained  as  a result  of  technical  discussions 
with  representatives  of  several  companies  provided  valuable  input  to  this 
report . 

In  alphabetical  order,  the  companies  visited  during  the  field 
interviews  are  as  follows: 
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• Advanced  Structures,  Inc. 
Monrovia,  California 

• Allison  Division  of  General 
Motors  Company 
Indianapolis,  Indiana 

• Bell  Helicopters  Textron 
Fort  Worth,  Texas 

• Boelng-Vertol  Company 
Morton,  Pennsylvania 

• Fiber  Sciences,  Inc. 

Gardena,  California 

• General  Electric  Company 
Lynn,  Massachusetts 

• Goldsworthy  Engineering,  Inc. 
Torrance,  California 


• Hamilton  Standard  Division 
United  Technologies  Corporation 
Windsor  Locks,  Connecticut 

• Hughes  Helicopters  Division 
Suiiima  Corporation 

Culver  City,  California 

• Lycoming  Division 
Avco  Corporation 
Stratford,  Connecticut 

• Sikorsky  Aircraft  Division 
United  Technologies  Corporation 
Stratford,  Connecticut 

• Tl-Tech  International,  Inc. 
Pomona,  California 

• Wyman  Gordon  Company 

North  Grafton,  Massachusetts. 
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The  Government  organizations  contacted  during  the  field 
interviews  are  as  follows; 

• Army  Materials  and  Mechanics  Research  Center 
Watertown,  Massachusetts 

• Army  Aviation  Systems  Command 
St.  Louts,  Missouri 

Production  Technology  Branch 
UTTAS  Project  Manager  Office 

- AAH  Project  Manager  Office 

- AH-1  (Cobra)  Project  Manager  Office 
CH-47  mod  Project  Manager  Office 

• Corpus  Christ!  Army  Depot 
Corpus  Christi,  Texas 

• Wrlght-Patterson  Air  Force  Base 
Dayton,  Ohio. 

Comprehensive  data  received  during  these  visits  have  been 
incorporated  in  this  report.  Cooperation  provided  by  these  organizations 
and  the  individuals  we  contacted  is  gratefully  acknowledged. 

In  addition,  Battelle  project  staff  members  have  attended  the 
following  important  meetings  and  conferences: 

American  Helicopter  Society  31st  Annual  Forum 
(Washington,  D.C.) 

International  Conference  on  Composites 

(Philadelphia,  Pennsylvania) 

Air  Force  Briefing  on  Composites  --  Development 

of  Cost  Estimating  Manual. 

Conference  on  Advanced  Composites 

(Washington,  D.C.). 

These  activities  provided  useful  background  to  the  program. 

This  project  was  accomplished  as  part  of  the  U.S.  Army  Aviation 
Systems  Command  Manufacturing  Technology  Program.  The  primary  objective 
of  this  program  is  to  develop,  on  a timely  basis,  manufacturing  processes, 
techniques,  and  equipment  for  use  in  production  of  Army  material.  Comments 
are  solicited  on  the  potential  utilization  of  the  information  contained 
herein  as  applied  to  present  and/or  future  production  programs.  Such 
comments  should  be  sent  to;  U.S.  Army  Aviation  Systems  Command,  ATTN; 
DRSAVEXT,  P.O.  Box  209,  St.  Louis,  MO  63166. 
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An  overall  goal  for  the  Production  Technology  Branch  of  AVSCOM 
is  to  carry  out  Manufacturing  Methods  and  Technology  (MM&T)  programs  which 
assure  that  the  Army  is  able  to  acquire  and  operate  helicopters  with 
maximum  performance  and  reliability  for  reasonable  cost.  Currently, 

AVSCOM  asks  the  many  suppliers  of  aircraft  and  components  to  offer 
suggestions  for  projects/programs  which  are  individually  aimed  at  this 
overall  goal.  Battelle  was  asked  to  assist  AVSCOM  by  developing,  on  an 
impartial  basis,  an  overall  recommended  manufacturing  technology  plan  for 
the  five-year  time  frame  between  FY  1977  and  FY  1982. 

Toward  this  end,  Battelle  first  examined  the  "drivers"  of  helicopter 
cost;  appropriate  programs  to  attack  these  cost  drivers  should  maximize  the 
return  on  the  Army's  investments  in  manufacturing  technology.  As  many 
Army  Aviation  manufacturing  technology  problems  and  potential  solutions 
(or  proposed  projects)  as  possible  were  then  identified  and  evaluated  as 
to  their  effects  on  helicopter  costs,  state-of-the-art  in  development 
and  several  other  factors.  Finally,  appropriate  program  areas  or  "thrusts" 
were  defined  and  a program  plan  formulated. 

As  this  project  activity  progressed  it  became  apparent  that 
some  effort  should  be  directed  to  examine  the  goals  and  objectives  of 
the  AVSCOM  Production  Technology  Branch,  how  the  suggested  program  would 
fit  within  the  operating  guidelines  of  that  Branch,  and  how  the  future 
profile  of  the  Branch  might  be  altered  to  better  meet  the  needs  of 
industry  in  helicopter  manufacture. 

A review  of  suggested  programs  indicated  that  approximately 
30  percent  required  manufacturing  development  monies  before  return  on 
investment  calculations  could  realistically  be  made  and  an  MM&T  program 
justified.  Thus,  recommendations  are  made  that  consideration  be  given 
to  establishing  a vehicle  whereby  Manufacturing  Development  (MD)  funds 
can  be  made  available  for  this  purpose. 
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Another  area  where,  heretofore,  benefits  have  not  been  maximized  is 
that  of  developing  manufacturing  technology  for  developmental  systems  as 
producibility  studies  identify  areas  for  improvement.  Consequently,  recom- 
mendations are  made  that  AVSCOM  vigorously  pursue  the  establishment  of  fund- 
ing for  this  type  effort. 

Another  important  factor  involved  the  transfer  of  technology  on 
AVSCOM  programs  that  have  been  carried  out.  Reconnnendatlons  are  made  that 
frequent  industry  briefings  be  held  on  the  technological  findings  of  MD 
and  MM&T  programs  and  that  an  effective  distribution  system  for  proj- 
ect reports  be  established  to  assure  that  information  is  properly  disseminated. 

Along  these  same  lines,  it  is  recommended  that  consideration  be 
given  to  initiating  an  Accelerated  Implementation  program  for  new  technol- 
ogies which  promise  excellent  return  on  investment  and  for  the  solution  of 
urgent  problems.  The  sooner  these  types  of  developments  are  implemented 
the  sooner  helicopter  costs  can  be  reduced  and  this  technology  translated 
to  newer  helicopter  designs  further  down  the  road. 

Responding  mainly  to  "bottom-up"  project  submissions  from  many 
firms  does  not  provide  for  the  development  of  a cohesive,  proactive  plan  of 
manufacturing  technology  action  designed  to  develop  longer  ranging  solutions 
to  longer  ranging  goals.  Reaction  and  responsiveness  to  industry  needs,  of 
course, are  important  but  can  lead  to  a somewhat  fragmented  plan.  It  is 
believed  important  for  AVSCOM  to  also  have  a more  formal  "top-down"  plan 
giving  consideration  to  those  areas  or  "thrusts"  where  helicopter  costs  can 
be  effectively  attacked.  ASVCOM's  Production  Technology  Branch  can  then 
initiate  actions  where  each  accomplishment  can  complement  the  next  within  a 
given  "thrust"  area. 

In  starting  the  plan  development,  visits  were  made  to  various  manu- 
facturers of  helicopters  and  components  as  well  as  repair/maintenance  facil- 
ities to  discuss  a variety  of  topics  ranging  from  specific  problem  areas  to 
the  overall  policy  of  Army  MM&T  program  management. 
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Important  consideration  was  given  to  the  cost  drivers  in  helicopter 
manufacture  --  where  appropriate  "thrusts"  could  have  impact  on  acquisition 
and  life-cycle  costs.  There  are  times  when  "unglamorous"  programs  can  yield 
handsome  returns  on  Army  investment  in  MM&T.  For  example,  maintainability 
and  repairabil ity  is  a major  cost  driver  and  an  area  for  significant  long- 
range  cost  reduction,  but  not  a significant  thrust  area  from  the  advanced 
materials/processes  standpoint.  On  the  other  hand,  experimental  preparation 
of  large  rotor  hubs  and  other  large  components  from  titanium  alloy  powders 
has  been  suggested,  yet  the  prospects  are  slim  for  achieving  properties  as 
reproducibly  high  as  obtained  from  forgings  or  for  reducing  costs. 

The  list  of  problems  and  potential  solutions  obtained  from  the 
various  informa  ".ion  sources  contained  over  275  items  with  the  following 
approximate  distribution: 

Subsystem  Distribution,  percent 

Airframe  25 

Engine  34 

Rotor  24 

Drive  13 

Support 

Equipment  4 

The  unexpected  large  number  of  identifiable  problems  complicated  the  ranking 
and  required  suitable  evaluation  criteria  to  help  reduce  the  list  to 
manageable  size. 

The  project  effort  then  turned  to  the  task  of  proposing  important 
"thrust"  areas  where  AVSCOM  could  assign  budgets,  identify  appropriate  proj- 
ect areas,  and  set  cost  reduction  and  technical  goals  to  be  reached  within 
5 years.  Consideration  was  also  given  to  the  "thrusts"  being  supported  by 
other  branches  of  the  Army  and  the  Air  Force  manufacturing  technology  programs 
so  that  the  AVSCOM  program  areas  would  complement  ratlier  than  duplicate 
efforts  already  underway. 


The  12  major  thrusts  defined  are  as  follows: 
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• Composites 

• Joining 

• Repalrabll ity  and  Maintainability 

• Computer  Applications  in  Manufacturing 

• Quality  Control 

• Reduction  of  Part  Count 

• Net  Shape  Processing 

• Hot  Isostatic  Processing  (HIP) 

• Production  Ready  Tooling 

• Materials  Related  Developments 

• Forging 

• Casting. 

The  importance  of  these  thrusts  is  dependent  upon  helicopter 
subsystem.  The  thrust  areas  found  most  important  for  each  subsystem  are  as 
follows; 

Airframe  Engine  Rotor  Drive 

Materials  Related 
Casting  (plus  HIP) 

Joining 

.'vet  Shape  (Forging) 

R and  M 


Composites 

Production  Tooling 

Joining 

QC/NDT 

CAM 


Joining 

Composites 

QC/NDT 

Forging 

CAM 


Composites 
Joining 
Part  Count 
Production  Tooling 
R and  M 
QC/NDT  . 

These  rankings  of  thrusts  illustrate  that  the  major  emphasis  initiated  at 
AVSCOM  should  involve  the  following  generic  program  emphasis  or  goals: 
Airframe : Reduction  of  part  count  and  labor  costs  through  the 

development  of  production  ready-tooling  for  manufacture 
of  composite  structures  including  important  attention  to 
joining  and  repalrabll ity 


Isostatlc-processed  to  near-net  shapes  to  reduce  costs 
of  turbine  components.  Production  ready  tooling  will  be 
especially  important  to  the  T-700  program  as  will  suitable 
joining  processes. 


Rotor:  Continuing  improvements  in  manufacture  of  fiber  reinforced 

and  honeycomb  composite  structures,  including  important 
attention  to  production-ready  tooling  for  manufacture, 
joining,  and  quality  control  (production  and  in-service) 
as  applied  to  main  and  tail  rotor  blades  for  increasing 
reliability  and  reduced  costs. 

Drive : Development  of  methods  for  manufacturing  improved,  low- 

cost  drive  components  and  composite  housings,  including 
important  attention  to  precision  forging,  nondestructive 
testing,  and  CAD/CAM. 

Maintainability  and  repairabil ity  remain  as  vitally  important  project  areas  for 
reduction  of  life-cycle  costs,  especially  as  the  newer  models  of  helicopters 
reach  production  stages.  These  all  represent  important  goals  toward  which 
AVSCOM  can  initiate  and  lead  significant  programs  and  experience  good  return 
on  investment. 

Approximate  return-on-investment  (ROI)  analyses  were  conducted  on 
those  proposed  projects  where  enough  cost  data  could  be  obtained  from  con- 
tractors. The  Army  should  experience  an  average  ROI  over  the  five  year 
period  of  over  3:1  for  the  true  MMStT  projects.  Estimates  of  ROI  on  the 
other  projects  were  less  clear.  However,  the  manufacturing  development 
projects  and  subsequent  MM&T  projects  should  lead  to  ROI  over  the  five  years 
of  about  3:1  if  the  projects  are  selected  carefully. 

It  should  be  recognized  that  mos,t  of  the  ROI  estimates  were  based 
upon  the  premise  that  the  currently  planned  purchasing  schedules  for  specific 
helicopter  models  are  reasonably  firm  through  1982.  It  is  doubtful  that  many 
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of  the  suggested  projects  will  experience  a positive  return  on  investment 
during  the  first  2 years  of  the  5-year  period.  The  key  factors  in  experiencing 
positive  ROI  on  any  of  the  manufacturing  technology  projects  will  be: 

(1)  Effective  technology  transfer  of  project  findings 

(2)  Accelerated  implementation  of  findings. 

Based  on  the  definition  of  some  55  projects  which  are  considered 
to  be  implementation  oriented  with  combined  manufacturing  development  and 
MMScT  funds,  a funding  guidance  totalling  65.9  million  dollars  is  projected 
for  the  period  FY  77  to  FY  82,  with  the  following  approximate  breakdown  by 
subsystem; 

Subsystem  Funding,  percent 

Airframe  50 

Engine  26 

Rotor  12 

Drive  12  . 

This  funding  guidance  is  based  on  defined  Manufacturing  Technology  thrust 
areas  and  provides  guidance  as  to  the  extent  of  both  Manufacturing  Develop- 
ment and  MM6cT  fund  expenditures  over  the  5-year  time  frame. 


TABLE  OF  CONTENT S 


Page 


FOREWORD 

SUMMARY 

INTRODUCTION 

PROJECT  METHODOLOGY 

•AVIATION  MANUFACTURING  TECHNOLOGY  PROGRAM  - OPERATIONAL  GUIDANCE* 

CURRENT  MANUFACTURING  TECHNOLOGY  PROGRAM  OPERATION 

ANALYSIS  OF  MANUFACTURING  TECHNOLOGY  PROGRAM  FRAMEWORK 

General 

Funding  Guidelines 

Manufacturing  Development 

Manufacturing  Technology  for  Developmental  Systems 

Technical  Guidelines 

ANALYSIS  OF  MANUFACTURING  TECHNOLOGY  PROGRAM  FUNDING  LEAD  TIME 

ANALYSIS  OF  MANUFACTURING  TECHNOLOGY  PROGRAM  IMPLEMENTATION 

General 

Project  Reports 

Project  Presentations 

Funding  of  Project  Implementation 


RECOMMENDED  FUTURE  MANUFACTURING  TECHNOLOGY  PROGRAM  OPERATION 

• AVIATION  MANUFACTURING  TECHNOLOGY  PROGRAM  - TECHNICAL  GUIDANCE  • 

GENERAL 

COST  DRIVERS  AFFECTING  HELICOPTER  MANUFACTURE 

General 


Helicopter  Cost  Distribution 


t 


Helicopter  Cost  Variability 


xl 


1 

V 

1 

3 

5 

6 
6 
7 
7 
9 

10 

13 

17 

17 

19 

20 
21 
23 

25 

27 

27 

29 

30 


i 


TABLE  OF  CONTENTS 
(Continued) 


REVIEW  OF  MANUFACTURING  TECHNOLOGY  PROJECT  SUGGESTIONS. 


Identification  of  Manufacturing  Technology 
Project  Suggestions 


Evaluation  of  Manufacturing  Technology  Project  Suggestions. 


General. 


Criteria  for  Evaluation. 


State-of-the-Art  Assessment  Criteria. 


Project  Rating  Criteria. 


Analysis  of  Evaluation  Results. 


General. 


State-of-the-Art  Analysis. 


Return  on  Investment  Analysis. 


RECOMMENDED  TECHNICAL  GUIDANCE  FOR  AVIATION  MANUFACTURING 
TECHNOLOGY  PROGRAM 


General. 


Major  Technical  Thrusts  by  Area  of  Technology. 


General . 


Composites. 


Joining. 


Repalrablllty  and  Maintainability. 


Computer  Applications  In  Manufacturing. 


Quality  Control. 


Reduction  of  Part  Count, 


» r,  .• 


TABLE  OF  CONTENTS 
(Continued) 

Pane 

Net-Shape  Processing 96 

Hot  Isostatic  Processing 101 

Produc  t ion- Ready  Tooling 103 

Materials-Related  Deve lopmient 104 

Forging  Technology 107 

Casting  Technology 110 

Important  Technical  Thrusts  by  Helicopter  Subsystem 112 

Recommended  Five-Year  Technical  Guidance  Plan 120 

APPENDIX  A 

BIBLIOGRAPHY 129 

References  on  Military  Helicopters 130 

General  References  on  Helicopters 132 

Cost  Related  References 134 

APPENDIX  B (Limited  Distribution  - 
Contains  Proprietary 
Information) 


LIST  OF  TABLES 


Pan? 

Table  1.  Some  ReconmieiiJed  Evaluation  Quebtlons  About  Suggested 

MM6.T  Projects 14 

Table  2.  Cost-Driving  Subsystems 35 

Table  3.  Sources  of  Information 43 

Table  4.  Sample  Data  Sheet  Used  for  Analysis  of  Proposed  Projects.  48 

Table  5.  State-of-Art  Classifications  50 

Table  6.  Review  Sheet  Used  for  Rating  a Manufacturing  Technology 

Project  Suggestion  54 

Table  7.  State-of-the-Art  Status  of  Project  Suggestions  57 

Table  8.  Distribution  of  all  Project  Suggestions  by  Cost  Reduction 

Potential 58 

Table  9.  Major  Technical  Thrusts 64 

Table  10.  Important  Technical  Thrusts  - Airframes 113 

Table  11.  Important  Technical  Thrusts  - Turbine  Engines 116 

Table  12.  Important  Technical  Thrusts  - Rotor 117 

Table  13.  Important  Technical  Thrusts  - Drive 119 

Table  14.  Five-Year  Funding  Guidance  - Manufacturing  Development 

and  Implementation 120 

Table  15.  Recommended  Technical  and  Funding  Guidance  - Airframe.  . . 122 

Table  16.  Recommended  Technical  and  Funding  Guidance  - Turbine 

Engines 124 

Table  17.  Recommended  Technical  and  Funding  Guidance  - Rotors.  . . . 126 

Table  18.  Recommended  Technical  and  Funding  Guidance  - Drives.  . . . 127 


xiv 


LIST  OF  FIGURES 


PaKC 

Figure  1.  Evolution  of  New  Manufacturing  Technologies 8 

Figure  2.  Value  of  Accelerated  Implementation  Projects  in 

Increasing  Dollar  Savings  16 


Figure  3.  Value  of  Accelerated  Implementation  Program  in  Moving 

New  Technology  Into  Production 18 

Figure  4.  Some  Examples  of  Factors  Influencing  Production  Cost  of 

Hel  icopters 31 

Figure  6.  Relative  Influence  of  I’arl  Qu/intltv  on  Unit  Cofits 

( I 1 1 iistr.it  ion  Onl  v) 17 

Figure  6,  Typical  Comparison  of  Unit  Costs  Uased  on  Quantity  ....  39 

Figure  7.  Evolution  of  New  Manufacturing  Technologies 47 

Figure  8.  Current  Major  Composite  Material  Applications  on  YUH- 

61A  UTTAS  Airframe 66 


ARMY  AVIATION  MANUFACTITR ING  TECHNOLOGY 
PROGRAM  GUIDANCE 

hy 

H.  J.  Henning  ami  T.  G.  Byrer 
INTRODUCTION 

In  recent  years  the  principles  of  the  Department  of  Defense  have 
changed  from  placing  the  overriding  emphasis  on  producing  hardware  with 
state  of  the  art  performance  to  an  emphasis  on  producing  hardware  "that 
can  be  acquired  and  owned  at  minimum  and  affordable  cost,  and  which  can 
be  sufficient  in  performance".* 

This  means  that  emphasis  in  the  next  few  years  will  be  placed  on 
applying  existing  materials  and  advanced  fabrication  technologies  to  the  task 
of  reducing  costs  and  improving  performance  of  helicopters  and  other  Defense  re- 
lated hardware  rather  than  on  the  development  of  advanced  materials  (which 
was  the  more  common  emphasis  during  the  last  two  decades). 

Over  the  years  it  has  been  proven  to  be  in  the  best  interest  of 
the  Department  of  Defense  to  support  selected  manufacturing  technology  re- 
lated developments  especially  where  there  are  few  if  any  civilian  markets 
to  stimulate  the  Independent  development  by  private  Industry.  Furthermore, 
even  if  the  marketplace  provides  incentives  for  Industry  to  conduct  such 
efforts,  the  needed  developments  rarely  coincide  in  time  with  the  Defense 
Department  need.  Such  developments  usually  come  later.  Moreover,  such  de- 
velopments are  carefully  guarded  by  each  company  to  keep  ahead  of  competi- 
tion. Some  timely  developments,  which  would  otherwise  be  of  value  to  the 
DoD,  are  virtually  unknown  until  reasonably  similar  work  is  supported  by 
the  DoD. 

* Statement  of  Principles  for  Department  of  Defense  Research  and  Development. 
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Recognizing  this  and  that  a more  cost-conscious  philosophy  will 
have  an  impact  on  the  production  of  Army  helicopters  as  well  as  on  the  scope 
of  the  Army's  future  manufacturing  related  programs,  AVSCXIM  initiated  this 
study  aimed  at  formulating  (1)  a realistic  five-year  plan  for  developing  and 
implementing  advanced  manufacturing  technologies  to  tiie  production  of  Army 
helicopters  and  (2)  recommended  modifications  in  tiie  operation  of  the  AVSCOM 
Manufacturing  Technology  program  to  realistically  accommodate  the  plan. 

It  should  be  recognized  tiiat  this  planning  docunient  was  prepared 
by  Battelle  as  an  independent  analysis  and  that  the  guidance  should  be  con- 
sidered only  as  an  overall  guide  to  the  identification  of  program  areas. 
Emphasis  described  herein  may  change  somewhat  during  the  course  of  the 
five-year  period  depending  on  the  needs  of  the  Army  and  industry. 
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PROJECT  METHODOLOGY 

Listed  below  are  six  major  steps  pursued  in  carrying  out  this 

program: 

(1)  Identify  cost  drivers 

(2)  Obtain  technical  concensus /pro jec t suggestions 

(3)  Conduct  ratings  of  individual  project  suggestions 

(4)  Conduct  estimates  of  return  on  Army  investment 

(5)  Define  overall  technical  thrust  areas 

(6)  Recommend  project  areas  within  each  thrust. 

This  basic  methodology  serves  as  the  basis  tor  presentation  of  subsequent 
sections  and  recommendations  found  in  the  remainder  of  this  report. 

As  a preliminary  to  evaluation  and  assessment  of  proposed  projects 
in  the  development  of  a long  range  manufacturing  technology  plan  for  AVSCOM, 
attention  was  given  to  defining  the  major  drivers  of  helicopter  cost.  This 
was  accomplished  through  contacts  with  helicopter  companies  and  component 
suppliers,  repair  and  maintenance  facilities  and  other  Government  activities. 
In  the  discussions  held  with  company  representatives,  interrelationships 
between  suggested  project  areas  and  the  defined  list  of  cost  drivers  pro- 
vided a good  basis  for  serious  discussion  of  the  potential  for  these  proj- 
ects to  reduce  the  cost  of  helicopter  manufacture. 

As  the  data  were  being  gathered,  an  evaluation  system  had  to  be 
defined  and  utilized  so  that  a workable  system  could  be  established  for 
evaluating  projects  submitted  in  the  course  of  this  program  as  well  as  pro- 
viding a matrix  for  AVSCOM  to  utilize  for  future  evaluation  of  suggested 
projects  they  receive.  A part  of  this  evaluation  scheme  involved  calcula- 
tion of  potential  return  on  investment  if  the  project  was  carried  to  a suc- 
cessful conclusion  and  implemented  into  helicopter  manufacture. 

Major  technical  thrust  areas  were  defined  based  upon  the  cost 
drivers  and  the  project  input,  and  the  rec  vnntended  project  areas  within  each 
thrust  were  presented. 
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In  the  course  of  analyzing  and  studying  the  technical  problems 
Identified  during  the  course  of  this  program,  it  became  apparent  that 
consideration  should  also  be  given  to: 

(1)  Examining  the  scope  of  activity  of  the  AVSCOM 
Production  Technology  Branch 

(2)  Providing  a mechanism  and  framework  which  would 
insure  success  in  meeting  current  Branch 

goals  and  objectives  and  which  would  accommodate 
the  proposed  program  guidance. 

In  order  to  best  treat  both  tlie  operational  and  technical  findings 
of  this  program,  the  remainder  of  this  report  is  divided  into  two  major 
sections : 

• Aviation  Manufacturing  Technology  Program  - Opera- 
tional Guidance 

• Aviation  Manufacturing  Technology  Program  - Tech- 
nical Guidance. 

The  Operational  Guidance  section  suggests  how  the  Production  Technology 
Branch  methods  of  operation  might  be  modified  to  better  meet  its  goals  and 
facilitate  the  solution  to  existing  technical  problems.  The  Technical 
Guidance  section  is  the  result  of  our  analysis  of  the  helicopter  cost 
drivers  and  the  many  project  suggestions,  as  well  as  our  assessment  of 
those  program  areas  which  appear  to  have  the  most  promise  in  reducing  the 
cost  and/or  Improving  the  performance  of  helicopters  over  the  next  5-year 
period.  In  essence  then,  the  remainder  of  this  report  describes  the  work 
carried  out  and  presents  a summary  of  our  findings  in  these  two  general 
areas  of  operational  and  technical  guidance. 
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AVIATION  MANUFACTURING  TECHNOLOGY  PROGRAM  - OPERATIONAL  GUIDANCE 


CURRENT  MANUFACTURING  TECHNOLOGY  PROGRAM  OPERATION 


An  overall  goal  of  AVSCOM's  MannfacLuring  Technology  Program  is  to 
assure  chat  the  Army  maintains  a solid  manufacturing  technology  base  for  its 
current  and  future  needs  for  modern  aircraft  on  a cost-effective  basis. 
AVSCOM  currently  asks  the  many  suppliers  of  aircraft  and  components  to 
offer  suggestions  for  projects  which  are  individually  aimed  at  this  over- 
all goal.  The  manufacturing  technology  projects  AVSCOM  now  supports  are: 


Furthermore , 
manufacturing 
can  apply  the 


Aimed  at  reducing  manufacturing  costs 

Directed  to  solving  reasonably  common  problems  (more 

than  one  system) 

Aimed  at  improving  maintainability/reliability  of  cur- 
rent systems 

Assuring  that  production-ready  equipment  and  facilities 
are  ready  at  t.'ie  time  of  production  buys 
Aimed  at  implementing  the  results  of  promising  IRAD 
e f forts 

Aimed  at  applying  CAD/CAM  where  cost  effective  in  de- 
sign, manufacture,  and/or  inspection 

Enabling  informed  decisions  or  choices  to  be  made  be- 
tween candidate  materials,  processes,  equipment,  and/or 
des igns 

Sometimes  speculative  in  nature  but  where  the  potential 
payback  is  high  in  terms  of  low  cost  and/or  improved 
performance . 

AVSCOM  has  an  important  goal  of  getting  the  results  of  timelv 
technology  projects  into  the  hands  of  operating  personnel  who 
newly  developed  technologies  in  Army  systems. 
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As  a result  of  the  Battelle  study  and  the  technical  evaluations 
made,  coupled  with  discussions  with  AVSCOM  personnel  and  staff  at  the  heli- 
copter manufacturing  companies,,  it  is  apparent  that  three  major  areas  of  con- 
cern involved  (1)  the  high  propensity  for  submission  of  projects  to  AVSCOM 
which  are  not  within  the  true  MM&T  framework,  (2)  Che  long  lead-times  in 
obtaining  funding  for  promising  technology  development,  and  (3)  diffi- 
culties of  new  technology  Implementation  into  helicopter  manufacture.  In 
this  portion  of  the  report  discussion  is  concentrated  on  possible  resolu- 
tion of  the  problems  encountered  from  these  three  factors,  and  Che  existing 
goals  and  objectives  of  the  Manufacturing  Technology  program  are  examined 
from  the  standpoint  of  possible  expansion  or  alteration  to  help  resolve 
these  problems  to  the  benefit  of  producing  lower  cost  and/or  improved  per- 
formance helicopters. 

ANALYSIS  OF  MANUFACTURING  TECHNOLOGY 
PROGRAM  FRAMEWORK 

General 

As  a result  of  the  project  staff's  discussions  with  the  various 
AVSCOM  contractors,  it  became  apparent  that  there  are  two  basic  reasons  that 
some  project  suggestions  submitted  are  not  within  the  true  MM&T  framework. 
First,  it  appears  that  guidelines  for  funding  MM&T  projects  are  too  narrow 
to  provide  for  all  the  effort  necessary  to  bring  a new  manufacturing  de- 
velopment to  the  point  of  implementation.  Second,  it  appears  that  con- 
tractors need  more  technical  guidelines  as  to  the  types  of  projects  and/ 
or  areas  which  the  Army  is  contemplating  pursuing. 
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Funding  Guidelines 


Manufacturing  Uevclopinent 

A principal  goal  of  the  Production  Technology  Branch  has  been  to 
support  Manufacturing  Metnods  and  Technology  programs  aimed  at  implementing 
new  developments  in  production  end-item  hardware. 

However,  there  is  a course  of  events  which  most  every  develop- 
ments take  starting  from  basic  and  applied  research  and  progressing  through 
various  phases  of  hardware  development  (laboratory-scale  components,  proto- 
type components,  full-scale  testing,  possibly  flight  testing,  and  finally 
implementation) . 

The  Government's  policy  of  supporting  IRAD  continues  to  bring  many 
promising  hardware  developments  to  the  prototype  stage.  However,  much  manu- 
facturing development  is  still  required  before  most  promising  processes  or 
materials  can  be  applied  to  actual  flight  hardware.  This  gap  between  early 
R6tD  effort  and  final  implementation  is  partially  filled  by  the  MM&T  pro- 
gram; however,  there  are  times  when  an  IRAD-supported  effort  appears  prom- 
ising on  a preliminary  basis  but  additional  work  is  needed  for  verification 
before  an  MM&T  program  can  be  undertaken.  This  additional  effort  can  be 
considered  Manufacturing  Development  (MD)  which  fits  within  the  general 
scope  of  the  AVSCOM  Manufacturing  Technology  Program.  Once  the  MD  program 
is  completed  (presumably  with  success),  a corresponding  MM&T  program  can 
be  undertaken  to  qualify  the  optimum  process  for  full-scale  testing  and 
possibly  flight  testing. 

Figure  1 is  a general  schematic  of  the  development  of  new  manu- 
facturing technologies  from  the  idea  stage  to  implementation  in  production. 
As  the  figure  shows,  a large  number  of  identified  problems  proceed  through 
the  R6cD  stage  where  some  are  screened  out  as  not  being  practical  or  achiev- 
able. Some  then  pass  onto  the  MD  stage  where  prototvpe  testing  can  take 
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FIGURK  1.  EVOLUTION  OF  NEW  MANUFACTURING  TECHNOLOGIES 
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place  as  the  potential  solution  bej'ins  to  develop.  Finally,  those  that  sur- 
vive the  second  stage  move  into  the  MM6ti'  implementation  stage  where  full 
scale  testing  takes  place  and  the  new  technique  or  component  is  qualified 
for  production.  As  indicated  on  the  bottom  of  the  figure,  technical  data 
is  being  gathered  throughout  this  development  period  with  cost  data  hope- 
fully beginning  to  emerge  as  the  effort  moves  into  the  MD  stage. 

On  the  assumption  that  AVSCOM  can  justify  a suitable  manufacturing 
technology  budget,  it  is  our  opinion  that  the  policy  of  AVSCOM  should  be 
modified  to  include  projects  which  are  more  manufacturing  development  in 
nature  in  addition  to  the  end-item  related  projects  now  being  planned. 

Such  a policy  modification  would  probably  be  based  on  the  provision  that 
the  MD  projects  have  a reasonably  well-defined  follow-on  MM&T  phase  aimed 
at  implementing  the  new  processes  or  materials  in  specific  end-items.  How- 
ever, it  will  be  important  to  spell  out  in  advance  the  qualification  steps 
necessary  to  Incorporate  the  advanced  process  or  material,  including  bench 
testing  and  possibly  flight  testing.  The  AVSCOM  appropriation  should,  there- 
fore, include  sufficient  funding  for  supporting  some,  if  not  all,  of  the 
qualification  steps. 

During  the  course  of  this  study,  the  Battelle  staff  identified 
nearly  40  percent  of  the  potential  projects  as  fitting  more  in  an  MD  cate- 
gory than  in  MM&T.  This  represents  over  100  potential  projects  which  are 
more  accurately  classified  as  Manufacturing  Development. 

Manufacturing  Technology  for 
Developmental  Systems 

A typical  comment  brought  out  during  the  interviews  with  industry 
might  be  paraphrased  as  follows: 

"It  is  appropriate  for  AVSCOM  to  initiate  projects  re- 
lated to  ongoing  production  buys,  but  why  don't  they 
also  initiate  projects  which  will  make  sure  that 
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production  techniques  are  available  at  the  time  when 
production  buys  begin  (on  helicopters  now  under  de- 
velopment such  as  UTTAS  and  AAH)". 

A phase  in  the  development  of  Army  weapon  systems  is  Produc ibil ity 
Engineering  and  Planning  (PEP),  wherein  a realistic  plan  for  production  is 
developed.  During  the  development  of  this  plan,  decisions  must  be  made  as 
to  whether  new  manufacturing  techniques  are  far  enough  along  in  development 
to  apply  or  if  techniques  used  in  the  past  must  be  utilized.  However,  were 
funds  available,  new  manufacturing  developments  related  specifically  to  the 
future  production  of  an  individual  system  could  be  demonstrated,  proved  out 
and  incorporated  in  the  production  plan  so  that  the  technology  would  be 
available  at  the  time  production  buys  begin.  Although  it  is  understood 
that  some  limited  manufacturing  technology  funding  can  be  made  available,  such 
efforts  are  apparently  minimal  on  the  UTTAS  and  AAH  system  developments. 

Of  course,  some  of  these  type  efforts  have  been  funded,  such  as: 

• Automated  tape  layup  of  rotor  components  (Boeing- 

• Automated  multispindle  machine  for  producing  blisks 
(General  Electric). 

However,  it  is  our  recommendation  that  AVSCOM  increase  its  efforts  in  this 
area,  primarily  to  benefit  future  system  developments. 

Technical  Guidelines 


It  is  reasonably  clear  that  the  practice  of  soliciting  all  kinds 
of  project  ideas  over  a virtually  unlimited  scope  of  potential  project 
areas  ends  up  with  a tremendously  large  task  of  sorting  out  those  projects 
which  might  have  the  greatest  potential  payoff  in  return  on  Army  investments 
and,  which  qualify  for  MM&T  funding.  This  practice  seems  to  have  two  pre- 
dominant reactions  from  industrial  firms,  which  either; 

• Submit  long  shopping  lists  of  potential  projects,  or 

• Don't  bother  to  submit  ideas. 
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In  addition  It  Is  evident  that  responding  malniy  to  "bottom-up"  project  sub- 
missions from  many  firms  does  not  provide  for  the  development  of  a cohesive, 
proactive  plan  of  Manufacturing  Technology  action  designed  to  develop  longer- 
ranging  solutions  to  longer-ranging  goals.  Reaction  and  responsiveness  to 
Industry  needs,  of  course,  is  important  but  can  lead  to  a somewhat  frag- 
mented Manufacturing  Technology  plan.  On  the  other  hand,  for  AVSCOM  to 
have  a formal  "top-down"  plan  established  without  regard  to  industry  needs 
and  Ideas  would  be  completely  nonrespons ive . 

It  Is  believed  Important  for  AVSCOM  to  combine  the  "top-down" 
and  "bottom-up"  approaches  in  a technical  guidance  plan  including  project 
areas  or  "thrusts"  where  AVSCOM  initiates  actions  and  where  each  accomplish- 
ment can  complement  the  next  within  a given  "thrust"  area.  However,  the 
level  of  effort  within  the  technical  guidance  is  highly  dependent  upon  the 
size  of  the  Manufacturing  Technology  budget. 

Giving  consideration  to  the  following; 

• That  most  projects  should  be  aimed  beyond  demon- 
stration to  the  point  of  implementation,  and 

• That  such  projects  will  require  funding  for  flight 
testing  in  addition  to  bench  testing,  thus  will 
often  cost  about  twice  as  much  to  complete  as  the 
typical  projects  of  the  past. 

It  Is  foreseeable  that  the  budget  for  Aviation  Manufacturing  Technology  should 
Increase  substantially.  For  example,  a two-fold  increase  in  the  number  of 
MM6cT  projects  coupled  with  a two-fold  Increase  in  the  budgets  for  each  proj- 
ect would  represent  a four-fold  increase  In  the  annual  Manufacturing  Tech- 
nology budget. 

Considering  that  the  UTTAS  and  AAH  helicopters  will  be  reaching 
the  production  stages  during  the  next  two  years  and  that  there  will  be  an 
obvious  need  for  production  technology  support,  an  annual  budget  of  about 
10  million  dollars  seems  appropriate. 
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However,  If  AVSCOM' s annual  Manufacturing  Technology  budget  were 
limited  to  less  than  $5  million,  it  would  seem  more  appropriate  to  limit 
the  subject  areas  so  Chat  the  staff  of  the  Production  Technology  Branch 
can  spend  more  time  in  managing  its  ongoing  efforts. 

For  example,  a limited  effort  might  have  more  impact  if  some 
of  the  following  changes  were  made  in  the  scope: 

(1)  Delete  transmission  gears,  shafts,  and  seals  but 
concentrate  on  the  hous ings . 

(2)  Drop  compressor  components  of  turbine  engines  but 
concentrate  efforts  on  the  turbine  components. 

(3)  Exclude  virtually  all  airframe  components  and  con- 
centrate on  reducing  the  high  labor  cost  of  joining 
and  inspecting  airframes. 

(4)  Drop  rotor  mast/head  components  but  concentrate  on 
rotor  blades  (main  and  tail). 

This  approach  would  help  the  AVSCOM  staff  in  concentrating  its 
effort  on  a smaller  number  of  project  submissions  from  industry  and  would 
alert  industry  to  submit  project  suggestions  which  fall  within  a narrower 
scope.  Hopefully,  industry  would  also  respond  with  more  detailed  appraisals 
of  potential  return  on  investment  for  each  project  submitted. 

Another  way  that  AVSCOM  could  handle  limited  Manufacturing  Tech- 
nology funding  is  to  concentrate  its  efforts  to  support  the  carry  on  of  de- 
velopments which  have  already  been  denwnstrated  feasible  on  IRAD  programs. 
Furthermore,  such  projects  could  be  confined  to  those  efforts  where  the 
potential  contractor  would  have  made  a carefully  presented  cost-benefit 
analysis. 

Either  or  both  of  these  policies  would  substantially  reduce  the  num- 
ber of  unsupported  project  submissions.  However,  the  latter  approach  could 
lead  to  sole-source  procurements  in  most  cases.  This  then  becomes  a matter 
for  Army  policy  to  determine  whether  sole-source  procurement  for  a project 
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aimed  .it  impl  enier  t ing  a new  process  into  a specific  end-item  is  in  the  best 
interest  of  the  Government.  We  believe  it  would  be  a proper  policy  for  a 
production-support  group  like  the  Production  Technology  Branch. 

On  the  assumption  that  AVSCOM's  Production  Technology  Branch  can 
lustify  an  annual  budget  more  in  line  with  the  $10  million  figure,  and  this 
.seems  more  appropriate  considering  the  many  projects  needed  to  support  the 
AAH  and  UTTAS  program.^  during  Che  coming  five-year  period,  It  Is  our  opinion 
that  the  recommendations  described  within  the  Aviation  Manufacturing  Tech- 
nology Program  --  Technical  Guidance  section  of  this  report  establish  a 
good  basis  for  providing  technical  guidelines  to  contractors. 

Once  the  technical  guidance  is  established,  however,  the  contrac- 
tors still  should  realize  how  their  submissions  will  be  evaluated  in  rela- 
tion to  that  guidance. 

Hopefully,  the  rating  system  used  in  the  course  of  this  program 
will  provide  a baseline  for  future  utilization  by  AVSCOM  in  evaluating 
suggested  programs.  Since  it  is  reasonable  to  assume  that  the  majority 
ot  projects  which  will  be  submitted,  at  least  in  the  foreseeable  future, 
will  continue  to  be  non-MM&T  types  according  to  the  definitions  character- 
ized in  this  report,  it  is  recommended  that  .AVSCOM  further  refine  a project 
evaluation  system  which  will  provide  guidelines  to  the  contractors  on  the 
tvpes  of  projects  which  can  be  funded.  Table  1 contains  some  suggested 
evaluation  questions  which  should  be  included  as  part  of  any  overall 
evaluation  procedure  ultimately  developed  in  assessing  such  programs  in 
the  future. 


ANALYSIS  OF  MA.NUFACTURING  TECHNOLOGY 
PROGRAM  FUNDING  LEAD  TIME 


Many  company  representatives  contacted  in  this  program  were  crit- 
ical of  the  long  incubation  period  between  the  time  when  problems  were 
identified  and  projects  are  ultimately  initiated.  In  many  cases,  it  may 


table  1.  SOME  RECOMMENDED  EVALUATION  QUESTIONS 
ABOUT  SUGGESTED  MM&T  PROJECTS 


Does  the  Proposed  Project  Impact  a Current  End  Item  or  Items? 

Does  the  Proposed  Project  Relate  to  an  End  Item  of  the  Near  Future? 

Is  it  Within  a Major  Thrust  Area? 

Will  the  Results  Apply  to  More  Than  One  System?  What  Systems? 

Does  the  Source  of  the  Suggestion  Provide  Reasonably  Well  Documented 
Data  to  Demonstrate  a Significant  Cost  Reduction? 

Would  the  Project  Meet  a Unique  Military  Requirement? 

Is  the  Project  Needed  to  Make  an  Informed  Decision? 

Will  the  Project  Lead  to  Improved  Performance? 

Will  the  Project  Lead  to  Reduced  Weight? 

Does  the  State  of  Art  Really  Need  Advancement  for  Application  to  Helicopters? 

Will  the  Proposed  Project  Advance  the  State  of  Art  to  the  Point  of 
Implementation? 


be  3 years  before  these  programs  begin.  As  a result,  urgent  production  prob- 
lems are  either  not  submitted  for  Army  funding  and  are  carried  out  by 
individual  companies  with  IRAD  funds  or  are  not  resolved  in  time  for  pro- 
duction buys. 

Further,  private  companies  can  be  hesitant  in  submitting  proposed 
projects  to  the  Army  if  non-disclosure  of  the  impending  manufacturing  de- 
velopment could  also  place  the  conipany  in  a stronger  market  position.  This 
type  of  manufacturing  technology  development  is  nxire  often  continued  fully 
by  industry  or  partially  with  IRAD  funding. 

Thus,  contractors  and  subcontractors  have  a built-in  incentive 
for  submitting  to  AVSCOM  (or  to  any  Government  Agency)  those  problems 
which  are  likely  to  have  long-term,  nonproprietary  solutions. 

It  is  our  recommendation  that  an  Accelerated  Implementation  ap- 
proach be  Initiated  to  allow  a quick  response  to  urgent  quality  or  per- 
formance problems  which  are  being  encountered,  either  in  operating  vehicles 
or  those  approaching  the  production  stage  and  to  follow  up  on  promising 
IRAD  programs  in  a timely  manner. 

Figure  2 shows  how  Accelerated  Implementation  of  new  technology 
can  impact  on  the  potential  dollar  payback  or  return  on  investment  for  one 
aircraft  system  and,  with  appropriate  technology  transfer,  could  show  even 
greater  savings  if  applicable  to  a second  aircraft  system.  In  contrast,  the 
dashed  lines  in  Figure  2 show  the  delays  which  occur  in  obtaining  return  on 
investment  when  implementation  does  not  take  place  for  3 years  or  more. 

Giving  consideration  to  the  foregoing  discussion,  it  is  recom- 
mended that  AVSCOM  establish  part  of  its  Manufacturing  Technology  program 
such  that  at  least  20  percent  of  each  technology  area  is  tentatively  funded 
to  assure  implementation  in  specific  end  item  aircraft  on  an  accelerated 
basis . 

We  would  recommend  beginning  this  type  of  effort  with  a small 
number  of  highly  promising  projects.  A low  success  rate  could  mean  dropping 
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IDENTIFIED 


FIGURE  2 . VALUE  OF  ACCELERATED  IMPLEMENTATION  PROJECTS 
' IN  INCREASING  DOLLAR  SAVINGS 
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encourage  the  Army  to  proceed  with  sucli  a program  on  a broader  scale,  gain- 
ing both  Increased  payoff  and  Improved  cooperation  with  the  industrial  firms 
which  up  to  now  have  had  a generally  unfavorable  feeling  about  the  respon- 
siveness of  the  AVSCOM  program. 

Figure  3 shows  the  stages  that  could  be  visualized  in  using  IRAD 
funding  to  identify  problem  areas  and  evaluate  potential  solutions.  If 
unsuccessful,  worK  would  then  stop;  it  promising,  then  a highly  concen- 
trated effort  though  MD  funds  could  bring  the  development  to  a point  for 
full-scale  testing,  followed  by  MiViT  funding  to  qualify  and  test  the  de- 
velopnient  prior  to  implementation  and  production.  We  believe  this  philos- 
ophy is  extremely  important  in  the  ultimate  implementation  of  Manufacturing 
Technology  programs  supported  by  AVSCOM  and  should  prove  successful  in  pro- 
viding good  dollar  paybacks  and  return  on  investments  through  the  use  of 
Accelerated  Implementation. 

ANALYSIS  OF  MANUFACTURING  TECHNOLOGY 
PROGRAM  IMPLEMENTATION 
General 

There  are  times  when  it  can  be  important  to  support  projects  aimed 
at  requalifying  processes/materials  in  an  existing  end  item  to  gain  suf- 
ficient experience  to  apply  the  processes/materials  to  a newer  end  item. 

The  immediate  cost  benefit  of  this  approach  is  often  obscure  for  the  older 
aircraft.  However,  the  confidence  gained  and  the  eventual  application  in 
the  newer  aircraft  should  more  than  justify  taking  such  actions.  A case 
in  point  is  the  application  of  hot  isostatic  processing  to  the  current 
cast  blades  being  used  in  the  T53  and  T55  engines  at  Lycoming.  Hot  iso- 
static processing  has  been  responsible  for  a substantial  reduction  in  the 
scrap  rate  of  cast  turbine  blades  and  vanes.  It  is  understandable  that 
General  Electric  could  extend  the  applicatic'n  of  the  process  to  other 
components  such  as  turbine  disks  used  on  the  T-700. 
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However,  It  should  be  recognized  that  there  is  an  inherent 
tendency  for  a flrni  not  to  quickly  adopt  a newly  introduced  development 
made  by  another  firm.  Some  have  compared  this  to  the  not- Invented-here 
attitude,  but  a new  gear  material  used  in  a given  transmission  may  not 
always  be  best  in  the  next  or  a Joining  technique  used  at  one  company  may 
not  fit  in  with  the  tooling  requirements  at  another.  Furthermore,  design 
and  stress  data  requirements  may  be  different  enough  that  the  new  product 
or  process  cannot  be  adopted  on  all  helicopters.  In  any  case,  the  Army 
should  not  feel  disappointed  that  all  companies  do  not  adopt  the  new 
technology  in  their  respective  aircraft.  On  the  other  hand,  it  is  not 
unreasonable  for  AVSCOM  to  expect  that  a large  portion  of  its  MM&T  pro- 
gram reaches  implementation  in  production  aircraft.  To  achieve  this 
goal,  use  can  be  made  of  project  reports  and  presentations  as  well  as 
including  implementation  as  an  integral  part  of  each  MM&T  project. 

Project  Reports 

Interviews  with  representatives  of  most  firms  contacted  indicated 
that  the  majority  of  their  engineering  staff  does  not  have-  the  chance  to 
review  the  majority  of  reports  resulting  from  the  MM&T  programs  supported 

by  the  Army.,  When  asked  for  some  of  the  reasons  for  this,  the  discussion  i 

usually  turned  to  the  fact  that  there  are  over  100  engineers  at  most  of 

the  prime  contractors  who  could  consider  adopting  the  report  findings.  j 

The  chance  of  this  happening  is  remote  in  many  cases  because  the  report  j 

may  end  up  on  a shelf  without  suitable  cross-indexing  to  help  someone  j 

find  it.  As  an  example  of  what  can  be  done.  General  Electric  distributes  ^ 

; 

summaries  of  Government  reports  to  all  of  its  design  engineers  so  that  the 

i 

chances  for  application  are  much  greater.  However,  as  far  as  Army  policy 
is  concerned,  it  could  prove  to  be  a good  investment  to  issue  additional 

copies  of  the  reports  so  that  there  is  an  improved  incentive  for  the  i 

recipient  to  circulate  the  other  copies.  j 


We  recontinend  that  AVSCOM  conduct  a brief  survey  of  some  of  the 
suppliers  of  aircraft  to  determine  the  most  suitable  quantity  of  reports 
Co  be  distributed  per  company  and  to  Identify  those  key  persons  with  the 
greatest  opportunity  to  impact  the  incorporation  of  the  results.  This 
approach  should  insure  that  the  project  findings  have  the  best  chance  for 
finding  broader  applications. 

The  publication  of  monthly  periodicals  in  the  form  of  abstracts 
and  Journals,  which  is  being  discussed  by  the  staffs  of  PEQUA  and  DARCOM, 
represents  a good  start  toward  the  goal  of  getting  other  commands  and  in- 
dustry briefed  on  Army  R6«D  and  MM&T  activities.  The  forthcoming  Manu- 
facturing Technology  Management  Information  System  developed  by  PEQUA 
and  AMMRC  will  be  applicable  here  also. 

Project  Presentations 

While  there  seems  to  be  general  agreement  that  project  brief- 
ings are  worthwhile  to  get  project  results  into  the  hands  of  other  firms, 
there  was  some  apprehension  expressed  for  the  potential  accessibility  to 
proprietary  information  if  the  briefings  are  to  be  held  on-site.  The  more 
widely  held  view  was  that  briefing  films  or  slide  presentations  would  serve 
the  purpose  better.  In  all  cases  there  was  agreement  that  some  visual 
form  of  transferring  the  technology  was  better  than  the  reports  alone. 

There  was  some  tacit  agreement  that  contractors  conducting  MM&T 
projects  which  are  follow-ons  to  their  own  company-sponsored  or  IRAD  work 
should  be  willing  to  have  a more  open-door  policy  concerning  the  specific 
project,  perhaps  holding  an  industry  briefing  about  one  or  two  months 
after  completion  of  the  demonstration  phase  and  again  after  the  implementa- 
tion phase.  This  kind  of  contract  stipulation  could  help  lessen  the  con- 
cern of  those  who  have  strong  negative  feelings  about  sole-source  contracts. 


Clearly,  the  contractors  on  such  programs  would  be  careful  to  select  those 
projects  which  should  bear  up  under  the  scrutiny  of  representatives  from 
other  contractors. 

Assuming  that  the  AVSCOM  Manufacturing  Technology  program  re- 
ceives a reasonably  large  budget  for  the  coming  years,  it  will  be  worth- 
while to  hold  periodic  seminars  either  at  AVSCOM  or  elsewhere  as  appro- 
priate. Such  meetings  could  be  planned  for  on  a oi-annual  basis  somewhat 
like  the  seminars  held  by  the  Air  Force.  We  understand  such  meetings  are 
being  planned  tentatively  and  fully  endorse  such  an  effort. 

It  has  been  our  experience  that  holding  project  briefings  and 
participating  in  seminars  can  add  about  5 percent  to  the  cost  of  a 
$200,000  project.  It  is  a worthwhile  investment  in  the  majority  of  cases. 

Funding  of  Project  Implementation 

Too  often  past  programs  have  left  implementation  up  to  the  con- 
tractor; if  the  contractor  had  implemented  the  technology,  a cost  reduc- 
tion would  probably  not  have  been  realized  until  well  into  the  procurement 
contract.  The  prime  factor  here  is  that  industry  is  usually  seeking  a 
reasonably  short  term  return  on  its  investment  rather  than  a ROI  over  the 
total  contract.  The  fact  that  most  Army  procurements  are  in  stepped  quan- 
tities rather  than  long  term  financial  commitments  helps  to  deter  industry 
from  adopting  promising  developments. 

However,  knowledge  that  AVSCOM  could  also  fund  the  implementa- 
tion phases  should  provide  manufacturers  with  added  incentive  to  con- 
tinually incorporate  advanced  developments  in  the  current  aircraft.  Of 
course  there  will  be  some  projects  which  should  be  discontinued  after  the 
demonstration  phase  because  the  hoped  for  payoffs  do  not  always  materialize. 
On  the  other  hand,  the  project  may  prove  to  be  worth  continuing  if 
an  improvement  is  demonstrated.  The  situation  would  require  careful 
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scrutiny  before  Initiating  an  implementation  phase.  It  is  our  opinion  that 
in  order  to  Insure  a high  percentage  of  project  implementation,  the  AVSCOM 
appropriation  should  Include  funding  to  support  some  (if  not  all)  of  the 
qualification  steps. 

In  some  cases,  it  may  also  be  worthwhile  to  support  an  effort  at 
a second  firm  aimed  specifically  at  implementation  in  order  to  take  full 
advantage  of  the  cost  reduction  potential.  This  could  involve  requalifica- 
tion of  a second  system,  but  if  the  cost  pay-off  is  worth  it,  support  of  a 
second  effort  should  not  be  ruled  out. 


RECOMMENDED  FUTURE  MANUFACTURING  TECHNOLOGY 
PROGRAM  OPERATION 


Returning  to  the  goals  of  the  Production  Technology  Branch,  it 
is  well  to  review  them  in  light  of  the  foregoing  recommendations.  It  is 
proposed  that  future  goals  of  the  Production  Technology  Branch  be  aimed  at: 

(1)  Reducing  manufacturing  costs  - Addition  of  Accel- 
erated Implementation  procedures  should  begin  to 
show  return  on  Army  investment  within  2 to  3 years. 

(2)  Solving  problems  with  reasonable  commonality  - This 
goal  should  remain  unchanged,  except  with  funds 
specifically  earmarked  as  manufacturing  technology 
for  developmental  aircraft. 

(3)  Improve  maintainability/reliability  of  current  sys- 
tems - Adaption  of  the  Accelerated  Implementation 
procedures  should  provide  AVSCOM  with  greater 
responsiveness  to  field  problems  - especially 
those  requiring  an  accelerated  program  aimed  at 
improving  service  life  of  components  or  subcomponents. 

(4)  Assuring  that  production-ready  equipment  and  facilities 
are  ready  the  time  of  production  buys  - This  is  an  area 
which  will  require  continuing  study  by  the  staff  at 
AVSCOM.  Development  of  low-cost  composite  structures 
will  depend  heavily  on  equipment/facilities  which 
delete  much  of  the  currently  high  labor  content. 

Furthermore,  the  potential  cost  benefits  of  rivet- 
bonding, precision  forging,  and  many  other  processes 
requiring  high  tooling  costs  cannot  be  fully  realized 
without  a driving  force  of  actions  initiated  by 
AVSCOM. 
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(5)  Implementing  the  results  of  promising  IRAD 
efforts  - This  goal  Is  sometimes  rather  elusive 
because  of  the  potential  "sole-source"  nature  of 
the  projects.  It  is  believed  that  the  Accelerated 
Implementation  effort  described  will  help  justify 
support  of  such  projects  - especially  those  having 
the  greatest  potential  for  return  on  investment, 

(6)  Applying  CAD/CAM  where  cost  effective  in 
design,  manufacture  and/or  inspection  - This  goal 
remains  quite  appropriate. 

(7)  Enabling  informed  decisions  or  choices  to  be  made 
between  candidate  materials,  processes,  equipment 
and/or  designs  - AVSCOM  could  step  up  its  action 
of  supporting  detailed  studies  aimed  at  assessing 
candidate  processes  and/or  materials.  These  could 
be  initiated  by  AVSCOM  with  possible  assistance  by 
AMRDL  or  AMMRC. 

(8)  Getting  the  results  of  timely  MD  and  MM&T  projects 
into  the  hands  of  operating  personnel  who  can  apply 
the  technologies  where  cost  effective  in  Army  sys- 
tems - This  goal  is  of  vital  importance  and  can  be 
approached  by  any  or  all  of  the  ways  described  pre- 
viously under  Analysis  of  Manufacturing  Technology 
Program  Implementation. 

A question  is  raised  about  whether  or  not  AVSCOM  should  support  projects 
which  are  somewhat  speculative  in  nature  but  where  the  cost  benefits  could 
be  high.  It  is  believed  that  AVSCOM  should  initiate  such  projects  only  if 
there  is  sufficient  data/experience  available  from  IRAD  efforts  to  give 
reasonable  confidence  in  the  outcome.  Such  evidence  should  be  made  avail- 
able to  AVSCOM  before  initiating  such  projects  which  fit  most  appropriately 
under  goal  number  (5). 
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AVIATION  MANUFACTURING  TECHNOLOGY  PROGRAM  - TECHNICAL  GUIDANCE 


GENERAL 


In  the  development  o£  recommeuded  Technical  Guidance  for  the 
AVSCOM  Manufacturing  Technology  Program,  two  general  approaches  were 
cons idered ; 

• "Top-Down  Approach".  It  is  pussibie  to  determine 
factors  which  "drive"  the  costs  of  manufacturing 
and/or  operating  helicopters  and  to  therefore  de- 
termine areas  where  funding  of  manufacturing  tech- 
nology programs  would  have  the  greatest  impact. 

• "Bottom-Up  Approach".  It  is  also  possible  to  obtain 
input  in  the  form  of  suggested  projects  and  to  there- 
fore determine  areas  where  the  actual  manufacturers 
and/or  operators  feel  manufacturing  technology  pro- 
grams are  needed . 

However,  there  are  inherent  weaknesses  in  either  approach.  It  is  necessary 
to  obtain  input  from  the  manufacturers  and/or  operators  to  define  potential 
actions  to  attack  the  cost  drivers  defined  by  the  "top-down"  approach.  On 
the  other  hand,  it  is  necessary  to  temper  the  project  ideas  of  the  "bottom- 
up"  approach  with  knowledge  of  the  overall  effects  that  such  projects  can 
have  on  the  manufacture  and/or  operation. 

Recognizing  the  drawbacks  of  unilaterally  using  either  identified 
approach,  the  optimum  method  to  develop  a realistic  technical  guidance  plan 
appears  to  be  a combination  of  the  two  approaches.  Consequently,  the  fol- 
lowing major  tasks  were  undertaken: 

(1)  Identification  and  analysis  of  cost  drivers  ("top- 
down") 
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(2) 


Identification  and  evaluation  of  manufacturing 
technology  project  suggestions  ("bottoro-up") 

(3)  Formulation  of  technical  guidance  based  on  com- 
bination of  (1)  and  (2). 

As  the  first  step,  major  cost  drivers  which  affect  helicopter 
manufacture  were  examined,  with  particular  emphasis  on  identifying  those 
areas  capable  of  being  affected  by  application  of  new  manufacturing  tech- 
nologies. Furthermore,  this  step  provided  an  information  base  upon  which 
the  assessment  of  project  suggestions  conducted  in  step  two  could  be 
examined . 

The  basic  input  for  the  second  step  consisted  of  some  278  suggested 
projects  which  were  provided  through  contacts  and  discussions  with  heli- 
copter prime  and  component  manufactures  and  by  AVSCOM,  as  well  as  other 
Government  organizations. 

A system  for  evaluating  the  project  suggestions  was  devised  cover- 
ing rating  criteria,  plus  calculations  (where  possible)  on  the  return  on 
investment  which  might  be  realized  if  selected  programs  were  Investigated 
and  proved  to  be  successful  and  implementable . Also  tied  into  these  proj- 
ect evaluations  was  the  state  of  development  of  the  suggested  project, 
whether  it  was  ready  for  MM&T  funding  or  was  in  the  early  or  middle  stages 
of  development  and  required  further  basic  funding  before  being  ready  for 
evaluation  as  an  MMSiT  project. 

Based  on  the  cost  driver  input  and  the  evaluations  made  of 
individual  projects,  12  major  recommended  thrusts  by  technological  area 
were  defined.  Those  technical  thrusts  considered  important  for  each  heli- 
copter subsystem  (airframe,  engine,  rotor,  drive)  were  presented;  and  a 
5-year  technical  guidance  plan  was  developed,  which  indicates  recommended 
technical  areas,  extent  of  funding  and  the  estimated  timing  for  action  be- 
tween FY-77  and  FY-82,  as  well  as  indicating  where  manufacturing  development 
money  should  be  spent  either  prior  to  or  in  conjunction  with  MM&T  funding. 

In  the  sections  which  follow,  the  work  conducted  in  each  of  the 
three  task  areas  is  described. 


_ ^ 

COST  DRIVERS  AFFECTING  HELICOPTER  MANUFACTURE 
General 


Des ign- to-Cos t programs  have  become  increasingly  important  and 
integral  parts  of  recent  DoU  acquisitions  of  virtually  all  military  hard- 
ware from  relatively  simple  ballistic  components  to  the  most  sophisticated 
systems.  The  objectives  of  the  DoD  have  changed  from  placing  the  overriding 
emphasis  on  improved  performance  to  an  emphasis  on  quality  equipment  having 
acceptable  performance  for  an  affordable  cost. 

Some  might  interpret  this  change  in  philosophy  as  being  respon- 
sible for  putting  low  cost  ahead  of  performance  as  a goal,  but  the  key 
phrase  is  worth  repeating  --  acceptable  performance  at  affordable  cost. 

What  are  the  cost  drivers  affecting  the  manufacture  of  heli- 
copters? It  is  easy  to  generalise  about  such  factors  as  high  labor,  high 
cost  materials,  high  part  counts,  etc.  But  it  is  important  to  be  more 
specific.  Perhaps  starting  out  with  a base-line  helicopter  designed  for 
civilian  use  is  an  effective  way  of  assessing  cost  drivers. 

Bell  Helicopter  Company  and  its  licensees  have  delivered  more 
than  3500  of  its  Jetranger  helicopters  to  both  private  firms  and  Govern- 
ments throughout  the  world  by  roid-1974.*  In  1968,  Bell  began  the  design  and 
manufacture  of  the  OH58,  which  is  similar  in  many  respects  to  the  Jetranger. 
However,  a number  of  changes  were  required  to  adapt  the  basic  aircraft  to 
more  hostile  environments;  these  changes  included; 

• Mechanical  controls  (less  vulnerable  to  ballistic 
damage  than  hydraulics) 

• Addition  of  defensive  armament  (7.62  mm  mini  gun) 

• Faster  rate  of  climb  (larger  rotors) 

• Redundant  electrical  circuitries  (reduce  ballistic 
vulnerability)  among  other  changes. 

* Jana's  All  the  World  Aircraft  - 1974. 


The  Jetranger  is  designed  by  Bell  with  Its  own  specifications  and 
the  company  is  relatively  free  to  make  unilateral  changes  in  the  commercial 
version  - changes  to  increase  performance  or  to  reduce  costs.  By  contrast, 
any  changes  that  Bell  (or  any  contractor)  sees  as  important  for  reducing 
costs  and/or  Improving  performance  of  Army  helicopters  must  be  cleared 
through  the  program  office  at  AVSCOM  in  the  form  of  contract  modifications. 

Furthermore,  the  quantities  of  helicopters  under  contract  at  any 
one  time  are  relatively  low,  giving  the  contractor  little  opportunity  to 
partially  build  airframes  in  advance  of  anticipated  orders.  It  is  entirely 
possible  and  often  likely  for  the  Army  to  plan  for  the  purchase  of  quan- 
tities on  the  order  of  several  hundred  aircraft  over  an  8-  to  10-year 
period.  However,  the  actual  production  releases  often  represent  only  a 
fraction  of  this  and  only  for  a 1-  or  2-year  period.  Thus  (unless  there  is 
a mobilization  effort)  the  helicopter  manufacturer  is  not  likely  to  invest 
in  production-ready  tooling  because  there  is  always  some  doubt  about  whether 
there  will  be  drastic  changes  in  mission  requirements  making  the  current 
model  obsolete. 

By  contrast,  the  commercial  versions  can  most  always  be  sold.  For 
example,  the  commercial  sales  of  the  jet-prop  Lockheed  Electra  to  foreign 
countries  continued  well  after  the  aircraft  became  obsolete  in  domestic  air- 
line use. 

Thus,  requirements  unique  to  military  environments  have  a tremen- 
dous influence  on  helicopter  cost.  As  another  example,  armament  and 

other  unique  military  functions  of  the  AAH  add  up  to  nearly  45  percent  of 
the  direct  labor  and  material  costs  and  the  AH-1  (Cobra)  helicopter  armament 
adds  up  to  30  percent  of  such  costs.*- 


* "Manufacturing 
AMMRC  SP  75-8, 


Technology  Guidance 
October  1975. 


for  Army  Helicopters", 


Robert  D.  French, 


HeH^opLcr  Cost  Distribution 

Consider  again  the  Cobra  helicopter.  Following  is  a percentage 
distribution  of  direct  labor  and  material  production  costs  for  a variety  of 
subsystems  and  components  on  the  Cobra*: 

Airframe,  "L  Rotor/Drive,  'L  Engine,  7, 


Fuselage/landing  gear 
Tail  boom  and  fin 
Hydraul ic 
Electrical,  Inst. 
Flight  Controls 
Armament 


Rotor /W ings 


Compressor 

Combustor 

Turbine 

Exhaust  Diffuser 
Drive  Gearing 
Misce 1 1 aneous 


By  contrast,  the  costs  of  producing  a commercial  helicopter  of 
reasonably  similar  design  are  substantially  lower  and  the  cost  distributions 
by  percentage  are  significantly  different.  It  is  estimated  that  the  approxi- 
mate cost  distributions  for  a commercial  helicopter  reasonably  similar  to 


the  Cobra  is  as  follows: 
Airframe,  7, 


28.8  Fuselage/ land ing  gear 

2.3  Tail  Boom 

7.3  Hydraulic  System 
11.6  Hydraulic  System 

2.5  Controls 
0.8  Furnishings 


Rotor/Drive,  'k 


Engine,  L 


9.9  Rotor/Wings  4.8  Compressor 
9.3  Rotor  Assembly  1.0  Combustor 


6,8  Drive 


4.0  Turbine 

0.7  Exhaust  Diffuser 

3.2  Acc.  Drive /Power 

0.5  Miscellaneous 
Hardware 


6.3  Integration/Assembly  . 

The  percentage  differences  between  the  military  and  the  commercial  helicopters 
are  primarily  due  to  the  fact  that  the  armament  (which  added  up  to  30  percent 
of  the  military  version)  is  not  on  the  commercial  helicopter  and  thus  does 
not  add  to  the  cost  base. 

* "Manufacturing  Technology  Guidance  for  Army  Helicopters",  Robert  D.  French, 
AMMRC  SP  75-8,  October  1975. 


tlowi'viT,  the  in-ist.  pronmineed  difference  noted  when  comparing  cost 
pe  rceni  .ig.es  between  tlu-  two  helicopters  is  in  t hi^  fuse  1 ng.e  cons  t r n<  t i on . On 
.ippi'.ir.-inco , the  cost  • for  providing  eve  appeal,  passeti)',er  comfort  and  other 
accessory  appo  inciiKtiiLs  are  the  contributing  ftsctors  to  the  higher  percentages 
for  the  commercinl  acre  rate  fuselage.  On  the  other  hand,  some  of  the  struc- 
tural costs  for  supporting  arm..r  and  armament  could  actually  be  considered 
part  of  the  fuselage  costs  in  ! hi  nulitarv  ndicepter. 

The  point  of  this  discussion  is  that  such  comparisons  of  cost  dis- 
tribution.s  for  purpose  el  edenti  lying  specific  cost  drivers  have  to  be  con- 
sidered a.s  having  marginal  a-' curai--,  . 

Distr  Unit  ion  ot  helicopter  costs  are  available  in  the  literature*; 
however,  the  analysis  of  the  d i.  i r ; hut  ions  in  trying  to  identify  cost  driyers 
can  he  quite  inyolved  and  the  results  not  overly  useful  in  deciding  where 
the  emphasis  in  a manufacturing  technology  program  should  bo  placed.  Like- 
wise, identification  of  high  cost  areas  is  u.soful  only  if  the  high  costs  can 
be  affected  by  manufacturing  technology  emphasis;  it  is  the  identification 
of  these  types  of  costs  wnich  is  essential. 

Helii  ipter  CoS t Va r iab i v 

Considering  helicopter  production  costs,  it  is  instructive  to  re- 
view Figure  4,  which  indicates  baseline  costs  for  a fictitious  helicopter 
purchased  in  production  quantities  over  a period  cf  several  years.  In  the 
figure,  several  examples  of  factors  whi:li  influenci'  production  costs  are 
compared  in  a genera]  wav.  These  factors  i an  also  be  looked  upon  as  pro- 
duction cost  drivers,  with  variable  degrees  of  effect  on  cost. 

* "Manufacturing  Teclmologv  Cnidance  for  Armv  Ho  1 i ct  i>  te  r s”  , Robert  D.  French, 
AMMRC  SP  75-8,  October  1975. 

"Armv  Helicopter  Cost  drivers",  Harold  K . Reddick,  Ir.,  1 isti^:  Directorate, 
C.  .S . Armv  Air  Mobility  Researt  h and  Development  I.aboratorv,  L'SAA’^IRDL-TM- 7 , 
August  1975. 

"Turliinc  Engine  and  Turbine’  Engine  Component  Cost",  David  B.  Calc,  U.  S. 
Arm'’  Aviation  Materiel  I.abe'rat ->r  ics , I'SAAVT.Ai’S  fechnical  Report  b8-59, 

.lulv  1968. 
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PRODUCTION  COST  OF  BASELINE  HELICOPTER 


L/CiCncAaLL/  UIVII  UUol  ^ 

■ ^ lAJCHLAocLI  UiNII  OUol 

Long  term  market 
Large  production  orders 
No  weapons 
No  armor 

No  ballistic  tolerance  requirement 

Fixed  design 
Fixed  mission 

Production  tooling 
Automation  in  Assembly 
Decreased  payload 
No  infrared  suppression 
Conventional  structures 
Automated  composite  lay-up 
N/C  machining 
State-of-art  design 

Army  responsible  for  R&M 
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Indefinite  market 
Small  production  orders 
Weapons 
Armor 

Ballistic  tolerance 

Frequent  design  changes 
Frequent  mission  changes 

Limited  tooling 
Labor  in  assembly 
Increased  payload 
Infrared  suppression 
Hand-layed  composites 
Hand-layed  composites 
Standard  Machining 
Use  of  advanced  design 

Contractor  responsible  for  R&M 


Cost  Influence: 

N ■ - - B W — Major  Influence  on  Costs  (High  variability) 

N " g — Intermediate  Influence 

figa  - Minor  Influence  on  Costs  (Low  variability) 

FIGURE  4.  SOME  EXAMPLES  OF  FACTORS  INFLUENCING 
PRODUCTION  COST  OF  HELICOPTERS 


It  Is  helpful  to  distinguish  between  those  cost  factors  with  high 
variability  and  those  with  low  variability  by  means  of  example. 

For  Instance,  parts  machined  from  plate  or  rough  forgings  repre- 
sent large  machining  losses  which,  In  turn,  causes  one  to  evaluate  ways  of 
reducing  chip  losses  (precision  casting,  precision  forging,  etc.).  How- 
ever, knowing  that  only  a small  number  of  parts  will  be  required  In  any 
given  year.  It  Is  difficult  to  justify  the  cost  of  tooling  up  for  these  pre- 
cision processes.  These  processes  are  good  examples  of  low-var labll ity 
cost  factors. 

Examples  of  high  variability  cost  factors  are  design  changes  and 
use  of  composites.  Many  design  changes  have  little  Influence  on  cost  but 
some  design  changes  In  one  portion  of  a helicopter  can  lead  to  cascaded 
design  changes  in  other  areas. 

Fiberglass  reinforced  organic  composites  are  quite  Inexpensive 
and  can  be  layed  up  Into  a variety  of  curved  panels,  door  hatches,  radar 
covers,  etc.  Many  examples  of  such  composites  in  use  for  years  can  be 
cited.  However,  when  applying  composite  technology  to  produce  more  severely 
loaded  structures,  composites  can  become  extremely  expensive,  costing  over 
$30/lb  for  the  Kevlar  reinforced  epoxies  and  over  $50/lb  for  the  HS  graphite 
reinforced  high  modulus  epoxies.  Boron-epoxy  composites  are  even  more 
costly. 

And,  since  much  hand  lay-up  labor  Is  involved  In  preparing  most 
composite  structures,  it  Is  readily  apparent  that  composites  represent  a 
high  variability  cost  factor. 

The  high  variability  cost  factors  require  first  attention  in 
choosing  what  costs  to  attack  by  means  of  manufacturing  technology  projects. 

The  task  of  identifying  high  variability  cost  factors  throughout 
the  helicopter  system  is  not  straightforward.  For  example,  the  Air  Force 
Manufacturing  Technology  Division  holds  workshops  aimed  at  identifying  the 
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key  cost  drivers  In  the  manufacture  of  aircraft*.  From  their  findings,  a 
variation  of  anywhere  from  30  percent  to  70  percent  of  the  total  manu- 
facturing costs  are  attributable  to  subassembly  and  assembly  man-hours 
and  that  a good  part  of  the  variation  is  attributable  to  the  degree  auto- 
mation is  used.  Other  important  (high  variability)  cost  drivers  include: 

• Chip  removal  (and  metal  wastage) 

• Manual,  and  frequently  redundant,  quality-control 
operations 

• Tooling  costs 

• Too  many  preassembly  components  (not  enough 
modularization) 

• Too  many  fasteners  of  too  many  shapes  and  sizes. 

Marchlnskl  of  Boeing-Vertol ' ' Indicates  that  labor  represents 

the  following  approximate  percent  of  recurring  production  costs  for  dif- 
ferent helicopter  subsystems: 


Landing  Gear 

50% 

Drive 

65% 

Rotor 

50% 

Fuse  1 age 

88% 

Nonstructural  Subsystems 

45% 

and  Installation. 

While  labor  accounts  for  over  50  percent  of  the  body  group  (excluding 
engines,  armament),  methods  for  substantially  reducing  assembly  labor  have 
not  been  overly  successful  without  making  drastic  changes  in  the  number  of 
parts  being  assembled  (i.e.,  high  part  counts  require  high  labor  costs). 

* "Summary  of  Air  Force/ Indus  try  Manufacturing  Cost  Reduction  Study",  Tech- 
nical Memorandum  AFML-TM-LT-73- 1 (January,  1973)  (Proprietary). 

(*)  Marchinski,  L.  J.,  "Design  to  Cost  at  Work  for  Helicopter  Systems",  AlAA 
Paper  No.  74-962,  presented  at  6th  Aircraft  Design  Flight  Test  and 
Operations  Meeting,  Los  Angeles,  California,  August,  1974. 
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Field  visits  with  prime  contractors  tiave  confirmed  that  the  follow- 
ing are  key  cost  driving  factors  requiring  high  labor: 

High  part  count 

High  labor  in  subassembly  and  assembly 
Tool ing 

Repair  and  maintenance 
Spec i ticat ions , inspection 
Excess  chip  removal 
Oes ign 

Use  of  labor  intensive  composites  (hand  lay-up) 

Low  production  quantities. 

This  agrees  reasonably  well  with  a table  included  in  Marchinski's 
paper  which  is  reproduced  in  Table  2.  Marchinski  identifies  material  as  a 
cost-driving  factor  recognizing  that  this  encompasses  both  expensive  mate- 
rials and  the  high  cost  of  chip  machining  which,  in  turn  causes  the  cost 
per  pound  of  finished  article  to  increase  drastically.  But  perhaps  the  most 
important  single  production  cost  driver  relates  to  low  production  buys. 

This  seemingly  elementary  but  pertinent  observation  is  important 
to  be  kept  in  mind  when  evaluating  potential  cost-reduction  studies.  As 
an  illustration,  one  company  claims  that  converting  from  forgings  to  cast- 
ings (or  powder-metal  preforms)  should  save  the  tremendous  amount  of  mate- 
rial wasted  while  machining  a rough  forging.  Examples  are  frequently  given 
where  the  blocker-type  forging  outline  is  an  inch  or  more  away  from  the 
final  part  contour.  Yet  this  is  the  type  of  forging  a typical  company  will 
produce  on  a limited  tooling  budget.  By  contrast,  most  forging  companies 
are  capable  of  forging  much  closer  to  the  finish  contour  (hence  lower  ma- 
terial scrap)  with  a more  expensive  set  of  forging  dies.  This  is  just  not 
done,  however,  until  the  production  quantities  are  in  the  hundreds;  other- 
wise, there  is  no  way  of  recovering  the  more  >xpensive  die  costs.  This  also 
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TABLE  2.  COST-DRIVING  SUBSYSTEMS 


System 

Subsystems 

Cost-Driving  Factors 

Airframe 

F raiiifc 

Number  of  parts 

Bulkheads 

Number  of  fasteners 

Skin-stringer  panels 

Material 

Beams 

Number  of  manufacturing  operations 

Drive  system 

Gears  and  bearings 
Drive  shafts 
Gearboxes 

Special  processes 

Tolerances 

Number  of  parts 

Number  of  machine  operations 

Specifications 

Reduction  factor 

We ight 

Horsepower 

Inspection  requirements 

t 

Rotor  group 

Blades 

Hub  assembly 
Upper  controls 

Number  of  parts 

Number  and  type  of  bearings 

Number  of  fabrication  operations 

Number  of  finish  operations 

Material 

Flight  controls 

Actuators  and  servos 
Mechanical  components 
Electrical /electronic 
sys  terns 

Number  of  parts  in  each  category 
Number  of  fabrication  operations 
Tolerances 

Number  of  mounting  points 
Electrical  connections 

explains  why  c lose  - tolerance  isothermal  forging  is  not  extensively  prac- 
ticed. At  one  company  visited,  for  example,  its  customer  is  committed  to 
hot-die  Isothermal  forging.  Roughly  a full  8-hour  shift  is  required  to  set 
up  and  heat  the  dies  only  to  forge  10  to  12  turbine  disks.  Fifty  to  100 
disks  could  be  forged  for  little  more  than  twice  the  costs  for  making  10  forg- 
ings. This  is  but  one  example  of  where  reduced  final  part  costs  through  re- 
ducing chip  losses  (lighter  weight  forgings)  will  continue  to  be  an  elusive 
goal  - at  least  until  the  part  quantities  Increase  substantially. 

Figure  5 illustrates  the  well  recognized  influence  of  quantity  on 
unit  costs.  The  lower  curve  represents  the  long  production  runs  typical  of 
the  automotive  Industry  where  the  production-ready  tooling  is  used  to  pro- 
duce many  thousands  of  parts  --  the  emphasis  is  on  lower  unit  costs.  The 
upper  curve  is  more  typical  of  the  aircraft  industry  where  the  emphasis  is 
on  low  tooling  costs.  Thus,  unit  costs  for  small  quantities  are  on  the 
order  of  2 to  4 times  the  unit  costs  for  parts  produced  on  a high  volume 
basis . 

The  middle  curve  represents  an  area  for  AVSCOM  consideration.  It 
shows  that  if  production-ready  tooling  is  built  at  an  early  stage  of  pro- 
curement, the  unit  costs  throughout  an  entire  program  can  be  expected  to  be 
lower  than  when  minimum  tooling  is  used.  The  main  problem  here  is  that  if 
most  all  components  were  produced  with  production-ready  tooling  during  the 
first  year  of  a purchase  contract,  the  total  tooling  costs  could  be  3 to 
6 times  higher  than  if  minimum  tooling  is  used.  The  cost  benefit  of  the 
production-ready  tooling  might  not  show  up  for  2 to  4 years. 

This  same  comparison  can  be  extended  to  the  degree  with  which 
automation  is  applied  to  reduce  labor  content  in  manufacturing  helicopter 
components.  For  example,  the  Armv  is  planning  to  purchase  about  1100  UTTAS 
helicopters  between  1977  and  1986.  Considering  that  most  of  the  known 
labor-saving  automation  methods  for  reducing  costs  on  a high  production 
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Unit  Costs 


basis  were  applied  at  the  first  year  of  production,  the  costs  at  this  early 
stage  would  be  much  higher.  Yet,  if  the  Government  wants  to  reduce  costs 
over  a total  10-vear  contract  period,  it  should  consider  the  construction 
of  production-ready  tooling  and  the  adoption  of  labor  saving  automation 
wherever  practical.  Industry  is  usually  in  a position  to  judge  where  such 
actions  are  practical. 

The  comparison  of  relative  costs  f.»r  four  different  methods  for 
producing  parts  shown  in  Figure  6 is  considered  reasonable.  This  illustrates 
that  the  typictl  costs  for  producing  parts  by  machining  trom  bar  do  not 
change  much  with  increasing  quantity.  By  contrast,  adopting  N/C  machining 
or  closed  die  forging  practices  helps  to  reduce  unit  costs  substantially. 
Castings  are  most  always  lower  in  cost  than  the  other  alternatives  until 
run  quantities  are  quite  high  where  the  amortization  costs  per  unit  become 
relatively  small.  The  final  costs  for  critical  castings  will  increase  as 
costly  quality  control  measures  are  adopted.  For  example,  at  least  two 
companies  indicated  that  the  costs  for  testing  .and  eventually  scrapping  a 
small  percentage  of  castings  for  aircraft  can  run  as  high  as  25  percent  of 
the  unit  purchase  costs. 

Another  major  cost  driver  identified  is  in  the  area  of  composites. 
These  include  many  varieties  of  single-strand  fibers,  multistrand  tapes, 
and  cloth-type  woven  fibers  reinforced  with  epoxies  and  thermoplastics. 

An  important  factor  in  the  cost  of  composite  structures  is  the 
relatively  small  quantities  in  which  many  ingredients  are  being  purchased 
nationwide.  Again,  low  quantity  purchases  of  any  on^  fiber  or  resin  or 
epoxy  composition  causes  increased  cost.  Since  aircraft  for  the  Air  Force 
also  use  considerable  quantities  of  composites,  it  might  be  wise  for  the 
Army  and  Air  Force  to  enter  a joint  campaign  program  aimed  at  standardizing 
on  some  of  the  composite  constituents  so  that  a fewer  number  can  be  pur- 
chased in  larger  quantities. 
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FIGURE  6.  TYPICAL  COMPARISON  OF  UNIT  COSTS  BASED  ON  QUANTITY 


A cost  driver  specific  to  composite  structures  is  the  tremendous 
labor  content  typical  for  hand-layed  up  structures.  Because  blades  are 
produced  in  larger  quantities,  fiber  winding  and  tape  wrapping  machines  of 
various  levels  of  sopliis t icat  ion  and  control  have  already  been  developed 
either  in-house  at  the  helicopter  producers  or  by  such  independent  firms 
as  Fiber  Sciences,  Advanced  Structures,  and  Goldsworthy  Engineering.  Con- 
tinuing development  of  devices  tor  lay  up  of  airlrairK*  structural  components 
could  help  reduce  labor  content  and  provide  greater  reproducibility  of 
produc  t . 

Furthermore,  the  costs  for  curing  composite  structures  in  large 
autoclaves  represent  a significant  part  of  the  total  costs.  In  the  case  of 
parts  having  reasonably  uniform  cross-sections,  two  lower-cost  methods  for 
curing  composite  structures  have  been  developed: 

• Using  forning  tools  with  integral  heating  and  cool- 
ing systems  (electrical,  hot  oil,  and/or  live  steam 
followed  by  internal  water  cooling} 

• Passing  the  part  through  a microwave  generator. 

However,  nondestructive  methods  for  detecting  uncured  or  partially-cured 
areas  are  needed  before  these  methods  reach  production  status.  It  is  antic- 
ipated that  more  industry-wide  developn>ent  will  be  needed  in  the  area  of 
reducing  curing  costs. 

A major  life  cycle  cost  driver,  as  opposed  to  production  cost 
drivers,  is  repair  and  maintenance.  After  helicopters  are  fielded,  they 
are  subject  to  a variety  of  problems  which  can  have  great  impact  on  total 
cost  to  the  Army.  This  is  one  area  where  the  increased  use  of  composites 
could  return  worthy  benefits  to  the  Army.  For  example,  over  50  percent  of 
all  airframe  maintenance  is  related  to  fasteners  and  secondary  structures 
and  approximately  50  percent  of  all  rotor  blades  removed  are  subsequently 
scrapped.*  By  the  application  of  composite  ttchnologv,  tastener  reductions 

* Armv  Helicopter  Cost  Drivers",  H.ir.’ld  K.  Keddick  .Ir.  Fust  is  U.S.  Army 
Air  Mobility  Research  and  Development  i.abor.itory , USAAMRDL-TM-7 , August 
1975. 
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will  follow  and  improved  repairabilicy  can  be  anticipated.  It  is  Important 
for  AVSCOM  to  continue  identifying  future  opportunities  to  attack  repair  and 
maintenance  problems  as  they  occur. 

Examples  of  cost  drivers  cited  by  one  company  may  not  necessarily 
be  of  major  importance  to  another.  At  one  firm,  the  cost  of  precise  contour 
machining  of  Nomex  honeycomb  fillers  for  rotor  blades  was  considered  a major 
contributor  to  cost  because  ot  slow  cutting  rates  and  low  tool  life.  An- 
other firm  which  "grinds"  away  the  honeycomb  using  an  abrasive  disk  does 
not  identify  such  machining  as  a major  cost  problem,  even  though  dimen- 
sional accuracy  may  be  lower  than  desired.  But,  such  individual  problem 
evaluations  are  the  subject  of  the  next  section. 

However,  before  looking  at  the  project  suggestions,  it  is  well  to 
repeat  some  major  cost  drivers  which  were  identified  and,  as  a result,  pro- 
vide an  overall  viewpoint  of  the  types  of  programs  which  can  affect  heli- 
copter costs: 

• High  part  count 

• High  labor  in  assembly  (nonautomation) 

• Tooling  costs 

• Repair  and  maintenance 

• Spec i f icat ions/ inspec t ion 

• Chip  removal 

• Design  costs 

• Composites 

• Low  production  quantities. 

These  cost  drivers  will  serve  to  establish  appropriate  AVSCOM  actions  based 
upon  project  suggestions  to  attack  the  cost  drivers. 
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REVIEW  OF  MANUFACTURING  TECHNOLOGY  PROJECT  SUGGESTIONS 


Iilt-'iU  1 1 leiil  I i>i>  uf  Manufaclurlim  Tt-ciino  1 oy.v 
t’rojcM^  Suggc-Mt  lonH 

During  tHib  stuHs',  extensive  discussions  were  held  with  prime  con- 
tractors, engine  builders,  repair  and  maintenance  facilities,  and  suppliers 
of  such  components  as  castings,  forgings,  composite  structures,  and  rotor 
blades.  A list  of  these  information  sources  appears  in  Table  3. 

More  tlan  275  solutions  to  identifiable  problems  were  suggested 
during  these  discussions;  these  project  suggestions  appear  in  Appendix  B. 

The  Battelle  staff  concentrated  on  identifying  the  problems  and  potential 
solutions  for  especially  the  newer  systems  (AAH,  UTTAS , modifications  of  CH47, 
AH-1,  etc.).  Interviews  with  kev  engineering  personnel  at  prime  and  sub- 
contractors proved  to  be  the  best  sources  for  information. 

The  project  suggestions  identified  were  classified  by  the  four 
helicopter  subsystems: 

• Airframe 

• Engine 

• Rotor 

• Drive. 

Greatest  emphasis  was  placed  on  identifying  those  areas  related  to  manu- 
facture of  hardware  components,  giving  least  attent..on  to  electronics  and 
weaponry . 

In  some  Instance.s,  the  companies  were  applying  IRAD  funding  to  the 
task  of  solving  the  specific  problems.  Many  of  the  potential  solutions  were 
considered  by  the  contractors  to  be  simply  part  of  their  contract  in  supplying 
prototype  and/or  production  lie  1 icopte rs  . In  the  ma  jority  of  cases,  the  prob- 
lems brought  to  the  attention  of  the  Battelle  staff  were  those  which  the  con- 
tractors felt  were  important  enough  that  they  (the  contractors)  were  submitting 


TABLF,  i.  SOUKCKS  OF  INFORMATION 


Private  Industry 

Advanced  Structures,  Inc.  (Monrovia,  CA) 

Alii  son  Division  of  General  Motors  Company  (Indianapolis,  IN) 
Bell  Helicopter  Textron  (Fort  Worth,  TX) 

Boe ing-Ver tol  Company  (Morton,  PA) 

Fiber  Sciences,  Inc.  (Gardena,  CA) 

General  Electric  Company  (Lynn,  MA) 

Goldsworthy  Engineering,  Inc.  (Torrance,  CA) 

Hughes  Helicopters  (Culver  City,  CA) 

Lycoming  Division  - AVCO  Corporation  (Stratford,  CT) 

Sikorsky  Aircraft  (Stratford,  CT) 

TiTech  International,  Inc.  (Pomona,  CA) 

Wyman  Gordon  Company  (North  Grafton,  MA) 

Hamilton  Standard  Div  of  United  Technologies  (S) 

Government 


Army  Aviation  Systems  Command  Production  Technology  Branch 
Army  Aviation  Proiect  Manager  Offices: 

• UTTAS 

• AAH 

• CH-47  Modernization 

• AH-1  Cobra 

Corpus  Christ!  Arn^y  Depot 
Wright  Patterson  Air  Force  Base 

Meet ings 

American  Helicopter  Society  31st  Annual  Forum  (Washington,  D.C.) 
International  Conference  on  Composites  (Philadelphia,  PA) 

Air  Force  Briefing  on  Composite  Cost  Estimating  Manual 
(Dayton,  OH) 

Conference  on  Advanced  Composites  (Washington,  D.C.) 

Interim  October  1975  Workshop/Briefing  on  Battelle  Study  at 
AVSCOM  (St.  Louis,  MO) 
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to  AVSCOM  for  svipplemental  support  by  AVSCOM' s Manufacturing  Technology 
activity. 

However,  free  and  open  discussions  at  each  plant  helped  to  iden- 
tify a large  number  of  problems  which  had  not  been  discussed  with  the 
AV'SCOM  staff.  These  discussions  were  helpful  to  the  Battelle  staff  in 
identifying  the  relative  priorities  placed  on  each  problem/project  area 
by  each  firm. 

For  example,  those  problems  requiring  urgent  attention  are  rarely 
submitted  to  AVSCOM  for  possible  support  largely  because  of  the  2-  or 
3-year  time  space  normal! v required  to  get  projects  funded  and  under  way. 
Furthermore,  private  companies  can  be  hesitant  in  submitting  a potential 
solution  to  a problem  if  the  impending  manufacturing  development  could  also 
place  the  company  in  a stronger  market  position  with  its  line  of  nonmilitary 
aircraft.  This  type  of  manufacturing  development  is  more  often  supported 
fully  by  industry  or  partially  with  IRAD  funding. 

Thus,  contractors  and  subcontracts  have  a built-in  incentive  for 
submitting  to  AVSCOM  (or  to  any  Government  Agency)  those  problems  which 
are  likely  to  have  long-term,  nonproprietary  solutions.  As  might  be  ex- 
pected, many  problems  are  reasonably  common  to  more  than  one  helicopter 
system.  A few  examples  of  reasonably  common,  nonproprietary  problem  areas 
requiring  corresponding  longer  term  solutions  include: 

• Computer-aided  engine  rotor  balancing  systems  to 
reduce  balancing  costs 

• Development  of  effective  nondestructive  testing  of 
composite  structures  to  reduce  cost  of  quality 
assurance 

• Infrared  suppression  of  turbine  engines  and  exhaust 

• Methods  for  producing  low-cost  unitized  composite 
structures  for  replacing  multiple-part  metallic 
structures 


• Application  of  hot  isostatic  processing  to  assure 
quality  in  close-finish  castings  (Ti,  Nt)  and  to 
niinintize  reliance  on  high-cost  forgings. 

Problems  unique  to  individual  systems  also  were  identified  and 
evaluated.  Examples  of  such  problems  and  potential  solutions  include: 

• Development  of  a rm*thod  for  replacing  blades  on 
compressor  disks  liaving  integral  blades  (bllsks) 

• Development  of  high-speed  welding  methods  for 
brake  - formed  and  seam-welded  titanium  tubes  used 
for  blade  spars 

• Development  of  inertia  welding  for  joining  shafts 
to  gears  which  are  now  assembled  with  high-cost 
spline-key  arrangements. 

The  favorable  results  of  some  of  these  many  potential  projects  (if 
undertaken)  could  eventually  apply  to  more  than  one  system. 

Several  manufacturing  problems  were  identified  which  are  unique  to 
the  performance  of  helicopters  in  hostile  environments.  Such  problems  as: 

• Infrared  suppression  of  engine  exhaust 

• Ballistic  tolerance  of  rotor  blades,  controls 

• Crashworthiness  of  fuselages,  and 

• Field  repai rabil  itv 

were  typically  cited  as  reasons  for  some  manufacturing  problems  not 
otherwise  experienced  in  helicopter  manufacture. 

It  was  considered  important  to  Identify  those  manufacturing  tech- 


nology areas  where  Important  progress  would  lead  to  Improved  performance 
and/or  cost  effectiveness. 


Evaluation  of  Manufacturing  Technology 
Project  Suggestions 


General 


Prior  to  evaluation  of  the  project  suggestions,  it  is  well  to  re- 
view Figure  7,  which  shows  a general  schematic  approach  to  screening  of  the 
over  275  project  suggestions  which  were  identified  during  the  course  of  this 
program.  As  previously  stated,  a large  number  of  identified  problems  pro- 
ceed through  the  R6J)  stage  where  some  are  dropped  out  as  not  being  practical 
or  achievable.  Some  then  pass  onto  the  Manufacturing  Development  stage 
where  prototype  testing  can  take  place  as  the  potential  solution  begins  to 
develop.  Finally,  those  that  survive  the  second  stage  move  into  the  MM&T 
implementation  stage  where  full  scale  testing  takes  place  and  the  new  tech- 
nique or  component  is  qualified  for  production.  As  indicated  on  the  bottom 
of  the  figure,  technical  data  are  being  gathered  throughout  this  development 
period  with  cost  data  hopefully  beginning  to  emerge  as  the  effort  moves  into 
the  Manufacturing  Development  stage. 

The  evaluation  of  suggested  projects  in  this  program  was  accom- 
plished by  conducting  two  types  of  evaluations: 

(1)  State  of  the  art  assessment  - where  does  the  pro- 
posed* pro  ject  rank  in  the  three  stages  of  develop- 
ment through  which  roost  successful  projects  must 
progress? 

(2)  Project  rating  - what  benefit  can  be  derived  by 
conducting  the  proposed  project? 

Table  4 is  a sample  of  a data  sheet  used  for  the  analysis  of  proj- 
ect suggestions.  Problems  and  potential  solutions  are  listed  according  to 
components  within  each  of  the  four  subsystems:  airframe,  engine,  rotor, 

and  drive.  On  the  right  side  of  the  table,  the  state  of  the  art  assessment 
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TABLE  4.  SAMPLE  DATA  SHEET  USED  FOR  ANALYSIS  OF  PROPOSED  PROJECTS 


r 


is  maJc  as  well  as  the  rating  of  tlie  project  according'  to  several  evalua- 
tion criteria.  Also  on  tiie  right  side  of  the  table  is  a proposed  time-table 
for  prolect  funding,  with  an  indication  also  made  if  manufacturing  develop- 
ment is  required  before  MM&T  work  can  be  done.  All  suggested  problems 
were  also  ultimately  grouped  in  major  technical  thrust  areas  which  will  be 
discussed  in  more  detail  later  (these  are  indicated  on  the  left  side  of 
the  data  sheet).  Appendix  B includes  data  sheets  for  all  project 
suggestions . 

Details  of  the  evaluation  criteria  used  are  described  further 

below. 


Criteria  for  Evaluation 

State  of-the-Art  Assessment  Criteria 

Many  project  suggestions  were  considered  to  be  more  research  in 
nature  than  true  MM&T  efforts  aimed  at  Implementing  a promising  develop- 
ment in  end-item  aircraft;  many  other  suggestions  fell  between  these 
extremes.  In  order  to  make  broad  comparisons  of  the  large  number  of 
problems,  it  was  considered  important  to  classify  the  state-of-the-art 
for  each  potential  project.  A series  of  classifications  were  defined  into  which 
each  potential  project  might  fit.  These  state-of-the-art  classifications 
appear  in  Table  5. 

A brief  description  of  each  classification  follows: 

I - Implemented  in  a system.  There  were  a few 
cases  where  one  company  was  suggesting  work 
to  be  done 'in  applying  a process/material 
which  ha*s  already  been  applied  in  another 
system.  In  such  situations  the  need  for 
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TABLE  5.  STATE-OF-ART  CLASSIFICATIONS 


'1 


State  of  Art 
Implemented  in  a system 
Qualified  for  production 
Flight  tested  in  aircraft 
Full  scale  evaluation 
Prototype  evaluation 
Manufacturing  development  stage 
Research  and  development  stage 
Classification  does  not  apply 


Classification 

I 

Q 

A 

B 

C 

D 

R 
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■lupp  U';m  nt.i  1 MMbiT  support  .s  questionable  at 
least  urtt'  ^ood  cause  can  be  shown  by  one 
liriu  ' ) adopt  a practice  already  used  by  an- 
. . I hi-  r r i in. 

li-M  1 i I I t'.t  i.-r  I’r  d-  .'j  1 ion  . When  a process/ 
mil  I 1 . i .!  I IS  air'i.-idv  uiia  1 i f ! :1  for  production, 

. • t t .•  ' -.'I'ien'.-id , treri  '-.la-i’  good 

I e.i:.  .!>,  t Jphjvi-g  some  s-ipp . eme ntal  MM\T 
s ;.p,  ! ( e.spec  i a ! I if  tlit-  process/material 
imp  1 o'.'i-ni-.-n i represent.s  a significant  cost 
re-l'u.  t loi  . 

Kii,'.''!t  tes'ed  Ln  aircraft.  An  inuo''.stive  de- 
sign indoor  lomponent  produced  -witr.  a new  process/ 
m.itcriiii  Iiiav  be  flight  tested  yet  not  qualified  for 
prodiu  1 ion  or  implementation  because  more  experience 
is  reqiircd  to  w'et  reproducibility  requirements. 
Again,  I-IMifiT  support  could  be  justified  to  bring  the 
oromising  process/material  to  the  implementation 
s tage  . 

n-.i  -c  c 1 .iss  i i icat  ions  represent  those  where  some 
nip. ilunl  work  has  already  been  done  toward  evalu- 
if  .'  ig  .1  p r.-ce  ss /ina  ter  i a 1 , usually  as  a result  of 
p.  ■ v.T.i- 1 V supported  projects  or  those  conducted 
under  IKAD.  These  projects  fit  within  the  scope 
ot  AVS' (jt-' s MM^T  effort. 

.Mail- . I .'ic  t ur  i ng  develoomcnt  stage.  Potential  proj- 
ect- -vlthin  this  category  are  less  -well  defined  with 
respeti  to  end  item  applications  vet  can  apply  to 
mo.st  .sircraft.  The  effort  may  have  involved  the 
ort'p-a  rat  i on  of  test  components  for  preliminary 


evaluation  and  testing  with  several  potential  end 
items  in  mind.  These  projects  would  be  candidates 
for  AVSCOM's  MD  effort. 

R - Research  and  development  stage.  Projects  reviewed 
are  considered  to  be  at  the  research  stage  or  proj- 
ects which  seem  to  fall  more  in  the  scopes  of  AMRDL 
or  AMMRC . 

Some  project  suggestions  reviewed  were  not  hardware-oriented  yet  have  vary- 
ing importance  to  the  AVSCOM  MlttiT  effort.  These  are  left  blank  in  the 
state-of-the-art  category. 


Project  Rating  Criteria 


The  eight  criteria  used  Co  define  the  benefits  of  and  to  develop 
a ranking  for  each  submitted  project  are  listed  in  Table  6.  Four  criteria 
were  considered  most  Important  and  thus  are  weighted  more  heavily  Chan  Che 
other  four  criteria.  These  four  were  given  greater  significance  because 
they  more  directly  affect  the  goals  and  objectives  of  Che  Army  in  the  manu- 
facture of  helicToters.  Most  of  the  rating  criteria  are  self-explanatory; 
however,  the  fir-t  (cost  reduction)  and  last  (timing)  require  some 
discussion . 

One  of  the  most  important  rankings  relates  to  the  potential  for 
cost  reduction.  Specific  data  were  sought  from  the  industry  contacts  on  each 
project.  In  some  cases,  data  were  furnished  which  provided  a reasonable 
analysis  of  cost-benefit.  However,  in  most  cases,  cost  data  were  supplied 
only  in  general  terms  and  specific  internally-sensitive  cost  data  were  not 
available.  If  data  presented  to  the  Battelle  staff  were  convincing  and  the 
estimated  cost  reduction  potential  seemed  reasonable  corresponding  ratings 
were  assigned.  In  some  other  cases,  the  cost  reduction  potential  was  esti- 
mated by  the  Battelle  staff  based  on  some  prior  experience  within  a tech- 
nical area. 

The  potential  for  cost  reduction  was  rated  on  the  basis  of  a Re- 
turn on  Investment  (ROI)  ratio,  calculated  as  follows: 


Cost  of  Project  Savings  to  Army  ROI 

X X 0 

2X  1 

3X  2 

4X  3 

nX  (n-1)  X . 


For  evaluation  purposes,  expected  ROI  was  rated  as  shown  in  Table  6. 
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TABLE  6.  REVIEW  SHEET  USED  FOR  RATING  A MANUFACTURING  TECHNOLOGY 
PROJECT  SUGGESTION 


Rating  Criteria 

Weighted  Scale  for 
Scoring  Projects 

Score 

• 

Potential  for  cost  reduction 
Estimated  ROI  ( ): 

2 

02) 

4 

03) 

6 

04) 

8 

07) 

10 

OlO) 

• 

Application  to  one  or  more 
end  item  aircraft 

2 

4 

6 

8 

10 

• 

Problem  unique  to  military/ 
combat  environment 

2 

4 

6 

8 

10 

• 

1 

Project  need  for  improved 
performance 

2 

4 

6 

8 

10 

• 

Project  needed  to  advance 
St -te  of  art  to  point  of 
implementation  or  for  making 
an  Informed  decision 

1 

2 

3 

4 

5 

/ • 

Project  needed  for  improved 
repalrability/malntainabil Ity 

1 

2 

3 

4 

5 

• 

Needed  for  production-ready 
tooling  to  help  reduce 
recurring  costs 

1 

2 

3 

4 

5 

• 

Timing 

Months  ( ) for  needed  results: 

1 

048) 

2 

(36) 

3 

(24) 

4 

(18) 

5 

(>12) 

Total 

Score 

* 

I 


metallic  structural  basic  shapes,  can  be  made  In  composites  uslna  the 


Analysis  of  Evaluation  Results 

n«‘nernl 


Appendix  B contains  data  sheets  for  all  project  submissions  ob- 
tained during  this  study  with  the  evaluations  indicated  per  the  criteria 
described  earlier.  Within  this  analysis  section,  breakdowns  of  the  sub- 
mitted projects  according  to  state-of-the-art  and  ROI  assessments  are 
presented. 


•State-of-the-Art  Analysis 

A breakdown  of  the  project  submissions  by  helicopter  subsystem 
based  upon  our  state-of-the-art  assessments  appears  In  Table  7.  Roughly 
80  projects  out  of  the  278  seem  to  fit  in  well  with  the  MM&T  aspect  of 
AVSCOM's  activity.  Approximately  100  projects  seem  to  fit  better  in  a 
Manufacturing  Development  category.  These  latter  programs  are  typically 
those  which,  if  funded,  will  usually  require  a subsequent  MM&T  project  to 
carry  the  development  to  the  Implementation  stage. 

Return  on  Investment  Analysis 

Ideally,  it  should  be  possible  to  prepare  an  accurate  ROI  analysis 
for  an  overall  Manufacturing  Technology  program  supported  by  AVSCOM.  The 
ROI  should  be  sufficiently  attractive  to  merit  support  from  the  various 
groups  in  the  Army  which  pass  judgment  on  the  overall  program.  An  effort 
was  made  to  do  just  that.  Table  8 shows  a distribution  of  all  project 
suggestions  according  to  projected  ROI.  However,  a review  of  projects 
revealed  that  of  the  80  projects  which  can  truly  be  classified  as  MM&T 
programs,  55  have  enough  cost  data  to  be  considered  in  the  analysis. 


TAIU.K  7.  STATE-OK-THE-ART  STATUS  OF  PROJECT  SUGGESTIONS 


S Late 

of  Art 

Subsys  tell. 

R~ 

D 

C 

B 

A 

Q 

Other 

Total 

Ai r f rame 

9 

35 

13 

o 

1 

- 

-- 

72 

Engine 

22 

J3 

lb 

ll 

1 

3 

3 

91 

Rotor 

1 1 

31 

13 

6 

-- 

3 

6 

70 

Drive 

14 

8 

5 

2 

1 

1 

2 

33 

Support  Equipment 

8 

1 

1 

-- 

-- 

-- 

1 

12 

Totals 

64 

108 

50 

27 

3 

7 

19 

278 

Distribution,  'U 
whe  re 

2J 

39 

18 

10 

1 

3 

6 

R = Projects  seems  to  be  aimed  at  research  more  than  MMSiT 

D = Projects  would  be  manufacturing  development  in  nature,  re- 

quiring further  effort  to  reach  MMiiT  stage 
B6cC  = Projects  aimed  at  bringing  a current  development  to 
implementation 

A = Project  needed  to  qualify  for  production 

Q = Project  needed  to  qualify  in  new  aircraft 

Other  = Denotes  software  oriented  studies  and/or  projects  not 
fitting  this  or  other  classifications. 
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TABLE  8.  DISTRIBUTION  OF  ALL  PROJECT  SUCXJESTIONS  BY  COST  REDUCTION 
POTENTIAL 


Expected  Return 
of  Army 
Investment 

No.  of 
Projects 

Airframe 

Engine 

Rotor 

Drive 

Equipment 

>7:1 

6 

2 

3 

1 

0 

0 

4:1  to  7:1 

34 

16 

8 

6 

3 

1 

3:1  to  4:1 

43 

11 

18 

10 

4 

0 

2:1  to  3:1 

69 

19 

22 

17 

9 

2 

<2:1  (OR  UNKNOWN)* 

126 

24 

40 

36 

17 

9 

Total 

278 

* Many  projects  and  ROI's  estimated  to  be  below  1:1. 
At  least  20  were  between  1:1  and  2:1. 
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A very  rough  estimate  of  the  average  MMf«T  project  funded  by  AVSCOM 
is  about  $300,000,  based  on  a sampling  of  several  projects  In  each  category. 


This  would  mean  that 


55x300,000  = $16,500,000  in  Army  investment  during  the 

FY  period  1977  to  1982. 


Of  these  55  projects,  21  are  considered  to  have  potential  for  returning  at 


least  2:1  and  the  others  are  estimated  as  follows: 


17  between  3:1  and  4:1  ROI 


13  between  4:1  and  7:1  ROI 


4 at  7:1  ROI  or  greater. 


The  very  approximate  "worst-case"  ROI  calculation  then  would  be: 
21  X 2 X 300K  = $12,600,000 

17  X 3 X 300K  = 15,300,000 

13  X 4 X 300K  = 15,600,000 


4 X 7 X 300K  = 8,300,000 


Total  Savings  $51,800,000. 


51,800 


16,500 


= 3.1:1  ROI. 


This  seems  to  be  the  general  level  of  return  on  investment  that  AVSCOM  can 
expect  during  the  5-year  period  starting  in  FY  77.  These  55  projects  can 
be  categorized  as  follows: 


Category 


2:1  - 3:1 


3:1  - 4:1 


4:1  - 7:1 


Airframe 


Engine 


Rotor 


Drive 


■saiiiiii 


It  should  be  kept  In  mind  that  these  ROI  values  could  be  somewhat 
conservative.  Nevertheless,  It  Is  doubtful  that  the  ROI  on  AVSCOM's  total 
MMSiT  program  will  exceed  3:1  on  the  projects  as  a whole,  not  at  least  until 
after  1982  when  the  savings  continue  on  the  aircraft  under  production  con- 
tract. This  Is  why  It  will  be  so  Important  to  be  sure  that  any  cost  saving 
development  gets  applied  In  other  Army  systems  (not  only  helicopters).  For 
example,  the  advanced  fiber  winding  techniques  developed  for  helicopters 
may  be  found  to  apply  nicely  to  certain  Army  missiles . This  is  how  the 
Army  can  count  on  maximum  return  on  Its  investment  in  advanced  MM&T 
projects . 


RECOMMENDED  TECHNICAI.  GUIDANCE  FOR  AVIATION 

manufacturing  technology  program 


General 


In  the  preceding  technical  guidance  sections,  cost  drivers  which 
affect  helicopter  acquisition  and  operating  costs  were  examined  and  manu- 
facturing technology  projects  suggejtcd  by  helicopter  manufacturers  and 
users  were  tvalurted.  The  goals  cf  the  remaLi.c^r  of  this  report  will  be 
to  assimilate  tne  infoi  iiation  and  resc’-."  -htained  from  the  preceding  two 
tasks  in  order  to  formulate  appropriate  "thrust"  actions  that  AVSCOM  could 
undertake  toward  the  benefit  of  producing  lower  cost  and/or  improved  per- 
formance helicopters  and  to  recommend  an  effective  overall  program  plan 
for  accomplishing  these  actions  during  the  next  5 years. 

It  should  be  noted  that  it  is  extremely  difficult  to  predict 
individual  manufacturing  technology  project  requirements  over  a 5-year 
period  because  new  manufacturing  developments,  ideas  and  problems  are  iden- 
tified every  year.  This  will  be  especially  true  during  the  coming  5-year 
period  when  several  new  aircraft  systems  will  be  coming  into  the  Army  in- 
ventory. This  points  up  the  need  for  a flexible  Manufacturing  Technology 
program  wherein  new  developments  can  be  incorporated  and  individual  proj- 
ects are  not  "locked-in"  years  in  advance.  On  the  other  hand,  it  does  not 
negate  the  need  for  an  overall  plan  of  action.  Although  it  may  be  difficult 
to  define  individual  projects,  overall  Manufacturing  Technology  needs  should 
remain  fairly  constant  over  the  coming  5 years.  Consequently,  the  first 
major  task  in  this  section  will  be  to  define  those  overall  Manufacturing 
Technology  needs. 

It  should  also  be  noted  that  it  is  a difficult  task  to  formulate 
a coordinated  overall  plan  for  advancing  the  state-of-the-art  in  a variety  of 
Manufacturing  Technology  areas  through  projects  which  are  individually  aimed 


at  specific  hardware  manufacture.  On  the  other  hand,  it  would  be  difficult 
to  recommend  pursuit  of  a Manufacturing  Technology  area  without  Army  re- 
quirements (in  the  form  of  specific  required  components).  Consequently,  a 
second  major  task  in  this  section  will  be  to  define  not  only  overall  Manu- 
facturing Technology  needs  but  to  determine  how  these  needs  apply  to  spe- 
cific helicopter  subsystem  and  component  manufacture. 

If  the  Manufacturing  Technology  "needs"  discussed  above  are  now 
redefined  as  Manufacturing  Technology  "thrusts"  which  AVSCOM  should  initiate, 
then  the  third  major  task  of  this  section  becomes  to  formulate  a 5-year 
technical  guidance  plan  which  encompasses  Manufacturing  Technology  thrusts 
in  general  technology  areas  as  well  as  in  subsystem  manufacture. 


62 


Major  Technical  Thrusts  by  Area  of  Technology 


General 

Based  on  the  cost  driver  input  and  the  evaluations  made  of 
individual  projects  suggested  by  the  contractors  and  subcontractors,  1? 
major  recorr^ended  thrusts  by  technological  area  were  defined.  These  ma]o» 
technical  thrusts  are  listed  in  Table  9. 

It  is  also  informative  to  review  the  distribution  of  project  sug- 
gestions supporting  each  thrust  area;  the  percentage  distributions  appear  in 
parentheses  after  each  thrust  in  the  table.  It  should  be  noticed  that  a 
relatively  low  percentage  of  project  suggestions  can  occur  within  a given 
technical  area  for  a variety  of  reasons.  For  example,  contractors  are  not 
apt  to  suggest  a great  number  of  projects  in  the  area  of  repairabil ity  and 
ma in ta inabil ity , even  though  efforts  in  this  area  can  have  major  impact  on 
life  cycle  cost. 

More  detailed  discussions  of  the  individual  thrusts  are  presented 
in  the  sections  which  follow. 


TABLE  9.  MAJOR  TECHNICAL  THRUSTS 

(Distribution  of  Project  Suggestions)* 

Composites  (Mostly  Organic  Composites)  (23%) 

Joining  (Metallic  and  Organic  Composites)  (137») 
Repairabil ity/Maintainability  (6%) 

Computer  Applications  in  Manufacturing  (6%) 

Quality  Control,  Nondestructive  Testing  (6%) 

Reduced  Part  Count  (6%) 

Net  Shape  Processing  (7%) 

Hot  Isostatic  Processing  (HIP)  (7%) 

Production  Ready  Tooling  (77=) 

Materials  Related  Developments  (77.) 

Forging  (47.) 

Casting  (5%) 

*A  project  suggestion  applicable  to  more  than  one 
major  thrust  is  included  in  the  percentages  for  all 
thrusts  to  which  it  applies. 
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Composites 


Encouraged  by  the  impressive  successes  of  composite  structures 
In  helicopter  rotor  blades  and  in  some  secondary  structural  applications  it 
is  understandable  that  designers'  attentions  would  turn  to  potential  applica- 
tions of  composites  in  other  secondary  and  primary  structures.  This  is  evi- 
denced by  the  applications  shown  for  composites  in  Figure  8 for  the  YUH-61A 
UTTAS  airframes.  Of  the  project  submissions  reviewed  by  the  Battelle  staff, 
over  100  have  related  to  the  application  of  composites  in  rotors  and  air- 
frame structures.  However,  the  opportunity  to  apply  composites  in  trans- 
mission housings  seems  worthy  of  in-depth  trade  studies.  Entire  sections 
are  being  currently  made  from  layed-up  and  cured  composites  which  are  most 
often  fiberglass  reinforced  resins  or  epoxy  matrices  with  or  without  honey- 
comb cores  such  as  Nomex . The  advantages  of  composites  have  become  evident. 
Bdesides  the  well-known  mechanical  properties  of  composites,  the  following 
are  examples  of  particular  importance: 

• Drastic  reduction  of  the  machining  and  associated 
power  requirements  inherent  in  conventional  metallic 
materials 

• Conservation  of  materials  due  to  reduction  in  material 
wastage  since  laminated  composites  are  built  up  to 
shape  rather  than  machined  down  to  size.  The  materials 
utilization  factor  with  composites  is  impressive 

• Significant  potential  reductions  in  weight  (30  to  75 
percent)  resulting  in  lower  inertia  and  lower  opera- 
tional power  requirements  for  operational  systems 

• Improved  fatigue  lives  of  3 to  10  times  that  of  con- 
ventional materials,  and  provisions  are  possible  for 
fracture  tolerance--s ignif icantly  improving  safety 
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FOLDOUT  ENGINE  TAIL  ROTOR 


FIGURE  8.  CURRENT  MAJOR  COMPOSITE  MATERIAL  APPLICATIONS  ON 
YUH-61A  UTTAS  AIRFRAME 


• virtual  elimination  of  corrosion  problems 

• Automatic  and  semiautomatic  equipment  has  been  de- 
veloped for  tape  layup  onto  rotating  mandrels  to 
form  relatively  simple  shapes  (round  and  rectangular 
tubes,  cones,  etc.)  which  can  be  formed  into  more 
intricate  configurations. 

The  lay-up  of  broadgoods  into  more  complex  shapes  is  usually 
done  in  sections  ov  hand.  Attei.ipt;!  to  ni.t-r>mate  tlie  lay-up  of  broad  goods 
and/or  tape  in  s"<-h  cases  have  only  been  ..larginally  successful  to  date. 

This  means  that  the  labor  content  of  composites  must  remain  high  in  the 
manufacture  of  many  complex  structures.  This  coupled  with  variability  in 
workmanship  and  the  high  cost  of  nondestructive! y inspecting  composite 
structures,  tends  to  discourage  manufacturers  from  designing  helicopter 
structures  in  composites. 

It  should  be  pointed  out  that  nonmetallic  composites  still  rep- 
resent a relatively  small  percentage  of  the  fly  weight  of  helicopters  (esti- 
mates range  up  to  only  5 percent).  The  balance  of  components  are  still 
manufactured  from  conventional  metals.  Further  opportunities  exist  for 
applying  composite  structures,  assuming  in-depth  cost/strength  trade 
f studies  prove  favorable.  On  the  balance,  it  is  reasonably  clear  that  the 

• next  few  years  will  witness  a growing  use  of  composites  in  helicopter  con- 

struction. The  most  innovative  applications  of  composites  will  emerge  as 
the  designer  gains  confidence  in  their  use.  Furthermore,  the  more  innova- 
tive designers  will  begin  to  design  structures  specifically  for  composites 
rather  than  as  substitutes  for  metal  structures.  This  means  that,  for  ex- 
ample, designers  will  also  be  aware  of  fabrication  and  cost  limitations  for 
X composites,  and  design  for  these  from  the  outset. 

Pultrusion  has  been  used  successfully  to  produce  shapes  having 
j some  degree  of  transverse  fiber  orientation  using  new  approaches  to  feed 

I the  fiber  into  the  required  orientation  prior  to  drawing.  It  is  conceiv- 

i‘  able  that  many  primary  and  secondary  structures  formerly  made  from 
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metallic  structural  basic  shapes,  can  be  made  in  composites  using  the 
pultrusion  process.  It  is  also  foreseeable  that  such  structural  shapes 
will  become  increasingly  assembled  along  with  the  broadgoods  to  form 
subassembl ies . 

One  problem  in  the  application  of  composites  is  the  large  number 
of  combinations  of  matrices  and  fibers. 

It  is  recommended  that  emphasis  should  be  directed  to  optimize  and 
subsequently  standardize  on  a fewer  number  of  matrices  and  fiber  combina- 
tions so  that  the  materials  can  b*  purchased  in  larger  quantities  resulting 
in  more  economically  attractive  composite  structures. 

There  is  no  question  but  the  attributes  of  composites  have  been 
demonstrated  well  in  the  manufacture  of  rotor  blades,  and  even  when  the 
costs  of  such  blades  are  equal  to  or  more  than  the  conventionally  con- 
structed blade,  the  longer  service  life  and  improved  reliability  can 
justify  the  cost  difference. 

A fear.ure  of  the  application  of  composites  in  helicopters  is  that 
composites  represents  a method  for  reducing  part  count  and  for  producing 
net  shapes.  However,  the  areas  of  quality  control  and  repafrabllity  become 
important  considerations  when  applying  composites  to  critical  structures. 

The  state  of  the  art  of  preparing  composite  airframe  structures 
to  date  is  rather  complex  because  almost  every  new  structure  converted  from 
metal  requires  various  combinations  of  lay-up  and/or  wrapping  prior  to  cur- 
ing. New  weaving  methods  (e.g.,  Dow-Weave)  add  a new  dimension  to  the 
directionality  of  properties  which  can  be  expected  from  reinforced  plastic 
composites.  Thus,  it  will  continue  to  be  Important  for  AVSCOM  to  support 
projects  related  to  the  specific  applications  for  composites,  especially 
programs  aimed  at  reducing  labor  content  and  for  assuring  quality  and  repro- 
ducibility. On  the  other  hand,  it  loay  not  always  prove  cost  effective  to 
convert  metal  structures  to  composites.  There  are  some  potential  applica- 
tions where  such  conversions  to  composites  hold  little  promise  for  increasing 
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aircrnft  performance  and/or  cost  effectiveness.  It  would,  therefore,  be 
timely  and  appropriate  for  the  Army  to  prepare  a Manufacturing  Cost/Design 
Guide  which  can  be  used  by  designers  and  manufacturing  engineers  to  assist 
in  deciding  whether  to  use  composites  or  not. 

The  following  sunmiarles  present  the  findings  on  composite  materials; 

^ Obiectives  of  Composite  Technology  Thrusts 


• Significant  reduction  (6C  percent)  in  factory  man-hours 

• Reduction  in  cost  of  facilities 

• Reduced  energy  requirements 

• Improved  buy-to-fly  ratios 

• Use  of  composites  will  reduce  effect  of  foreign 
influences,  e.g.,  aluminum. 

►Opportunities  to  Reduce  Cost  of  Composite  Structures 


• Improved  cutting  and  handling  techniques 

• Increased  use  of  automatic  tape  layup 

• Self-contained  tools 

• More  rapid  cure  of  matrices  and  adhesives. 


► New  Design  Concepts 


New  design  concepts  needed,  with  both  conventional 
and  advanced  materials,  for  ease  of  Inspectab il ity 
to  reduce  costs 

New  design  concepts  needed  to  develop  and  produce 
"advanced"  composite  structures  costing  less  than 


riveted  aluminum  structures  and  with  significantly 
extended  lives  - make  today's  materials  last  longer 

• New  design  concepts  needed  so  that  new  requirements 
can  be  met  at  no  increase  in  cost,  i.e.,  affordable 
performance . 

^ Braiding.  Weaving,  and  Pultrusion 

• Filament  or  tape  winding  equipment  for  production  of 
complex  bal listical ly  tolerant  structures  such  as 
tail-booms  with: 

Significantly  reduced  design  and  labor  hour 

content 

Hybrid  fibers 

Low  part-count 

Drastic  reduction  of  joints 

Potentially  lower  cost  than  riveted  aluminum 

• Develop  three-dimensional  weaving  techniques  and  equip- 
ment for  panelized  structures  to  reduce  close-out  member 
cost,  reduce  weight,  improve  reliability  and  improve 
ballistic  tolerance 

• Develops  braiding  methods  for  producing  complex  ducting  in 
glass-reinforced  plastics  selectively  reinforced  by 
graphite  fibers 

• Develop  pultrusion  machines  to  produce  basic  shapes, 
e.g.,  closeouts  and  stringers,  designed  for  greater 
standardization  throughout  fuselage  and  subassemblies. 
Hand-fitting  and  subsequent  high  NDT  costs  will  be 
drastically  reduced. 
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^ Sandwich  and  Geodesic  Configurations 

• Develop  special  sandwich  core  designs  and  associated 
manufacturing  equipment  to  provide  Insensitivity  to 
field  damage  experienced  with  lightweight  aluminum 
honeycomh  configurations 

• Pro-Auction  equipment  renuired  for  bal  1 istically  tolerant 

composite  conipo.ients  nod  t - •r-^  ?■  bassembl  ies  em- 

ploying discontinuous  or  geouesic  configurations.  Ex- 
amples are: 

Dr iveshaf ts 
Bell-crank  levers 
Tail -booms 

Other  fuselage  parts. 

►Thermoplastics,  Microwave  Curing  and  Molding 

• Develop  total  manufacturing  systems  to  permit  exploitation 
of  fiber-reinforced  thermoplastics,  l.e.,  from  unidirec- 
tional tape  to  innovative  structural  concepts  tailored 
for  thermoplastics,  to  the  recycling  of  scrap  material. 
These  materials  show  promise  of  competing  with  riveted 
aluminum  sheet  secondary  structures 

• Develop  microwave  curing  procedures  and  equipment  pro- 
ducing thick  composite  parts  cost  - competitively 

• Composite  molding  method  with  chopped  fibers  to  produce 
hatches,  access  doors,  and  brackets 

• Methods  required  to  move  large  uncured  parts  in  fabrica- 
tion facilities.  Today  handlings  sometimes  involves 
several  individuals. 
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In  some  cases,  weight  will  also  be  reduced. 

• Employ  metallic  interleaves  in  regions  of  high  stress 
gradients  and  fasteners 

• Employ  hollow  fasteners 

» Use  of  metallic  edge-members  (close-outs)  might  reduce 
fastener  count 

• Study  lower  temperature  curing  epoxies,  l.e.,  modified 
epoxies  at  225  F or  less  (provides  more  rapid  heating 
and  cooling  rates,  lower  electricity  costs,  and  also 
lower  tooling  costs  may  be  possible) 

• Where  applicable,  use  graphite-cloth/thermoplastics  in 
preference  to  epoxies  because  of  lower  fabrication 
costs 

• Develop  new  cost-effective  configurations  with  unidirec- 
tional members,  e.g.,  around  cut-outs. 


►Low-Cost  Design/Nanufacturing  Methods  Required 


for  Metal-Matrix  Composites 


• To  produce  metal-matrix  composites  tubular  structures 
(unidirectional  B/Al)  with  integral  end-fittings  for 
landing  gear,  engine  mounts  and  similar  primary  struc- 
tures. Examples  are: 

Adhesively-bonded  laminated  tubes  from  foil 
Electron-beam  welded  tubes  from  rolled  sheet 

• For  metal -matrix  composite  (B/Al)  rotor-blade  spars. 
Examples  are: 

Extrusions 
Adhesive  bonding 
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• To  develop  diffusion  bonding  and  other  processes  to 
selectively  reinforce  forged  components  with  uni- 
directional metal-matrix  composites  to  reduce  machin- 
ing costs  and  energy  requirements  while  providing  frac- 
ture tolerance. 


► Lower  Cost  Tool  mg  Required 


• Integrally  heated,  cooled  and  pressurized  familing  of 
tooling  for  prototvpe  and  production  structures 
providing: 

Reduced  lead  time 

Cost  reduction  through  labor  savings 
Energy  conservative  concept 

Cocuring  opportunity  for  shell-liner  concepts 
Reduced  possibility  for  extensive  hardware 
losses  (as  in  autoclave) 

Increased  rate  of  production 

• But  integrally  heated  tooling  requires  strong  materials 
and  process/toollng/deslgner  Interface.  Need  to  explore 
and  identify  all  potential  applications  to  reduce  cost 
and  wastage 

• Furthermore,  Integrally  heated  tooling  requires  more 
extensive  thermal  analysis  to: 

Optimize  heat-transfer  efficiency 

Develop  innovative  heating/cooling  concepts. 


^ Rotor  Blades 


• Production  equipment  required  to  permit  designer  to 
create  composite  blades  built-up  from  smaller  elements 
reducing  possibility  of  large  losses  during  assembly 
phase.  Examples  of  such  elements  are: 

Pul truded/wound  cells 
Wound  cells 

Pultruded  trailing  edge  closures 
Pultruded/wound  tail-rotor  spars 
Braided  spars 

• Develop  extensions  of  rotor-blade  manufacturing  technology 
to  enable  composites  to  be  used  with  both  low  cost  and 
advanced  fibers,  e.g.,  strategic  reinforcement  of  glass- 
fiber  reinforced  plastic  blade,  reducing  cost.  Equipment 
must  provide  flexibility  to  designers 

• Tape-layup  machines  to  circumvent  autoclave  by  providing 
simultaneous  curing  of  tape 

• With  strong  preliminary  design-MMT  Interface,  develop 
lightweight,  highly  efficient  concepts  for  blade  roots 
which  enable  automated  methods  to  be  used.  Hand-layup 
of  root  connections  need  to  be  avoided  in  future  blade 
designs 

• Equipment  required  to  reduce  the  cost  of  machining  complex 
contours  in  nomex  honeycomb  cores  for  rotor  blades. 

• Paint  Stripping  - Simplify  stripping  of  paint  from  rotor 
blades  (particularly  composite  blades).  This  is  presently 
a very  expensive  operation. 

• Hand-Finishing  - Reduce  the  hand-finishing  required  for 
helicopter  rotor  blades.  Hand-finishing  could  be 
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responsible  for  40  to  50  percent  of  the  bliide  cost.  On 
some  blades,  50  hours  are  required  for  hand- f in ish ing . 

• Simpler  Lay-up  Equipment  - There  is  a need  to  develop 

simpler,  lower-cost  tape  and  f • “^er- la v i ng  machines  which 
are  des  ign  oriented.  k problen  is  tnat  companies  may  not 
be  able  to  .affor-<  rb-  ".a : ‘ - ■ o -.ost  of  large 

machines  that  ha  '--  -l.-ve  1 - 1 . /■  -.umber  of  smaller 

aesign-orinnred  rach'-*  • - ■■-'rd  ■ n cariying  out 

QO"'-atinns  of  more  limited  scwve.  The  importance  of  the 
interface  hprween  design  concept  generation  and  machine 
developments  i .s  obvious. 

• Joining  of  Metallic  Spars  - H thods  need  to  be  developed 

to  rapidly  join  metallic  spars . These  spars  are  sometimes 
fabricated  from  sheet,  hraVefor-ned  cold  to  form  a tube  and 
then  hrt-formed.  welding  and  plasma  arc  welding  were 

mentioned.  It  was  understood  that  at  least  one  company  em- 
ploys roller  welding.  A major  cost-driver  is  the  setup 
time  for  welding  spars  and  attention  should  be  focused 

on  reducing  this  element  of  cost.  There  seemed  to  be  a 
need  to  develop  design  c.'nncepts  that  enable  steel  spars 
to  be  formed  more  consistently.  Here  again  is  an  example 
of  the  importance  of  the  des ign /mater ial s and  process 
interface . 

• Bonding  of  Steels  - There  is  a need  to  develop  more 
effective  methods  of  surface  treatment  of  steels  for 
highly  reliable  adhesive  bonded  joints  for  blade 
applications.  Reference  was  made  to  the  work  of  U.  S. 

Steel  on  the  pretreatn>ent  of  s urfaces  for  commercial 
adhesive-bonded  structures.  'n  the  mid-50's,  when  alter- 
natives to  brazed  stainiess-steel  sandwich  structures 
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were  sought,  R 6<  D was  conducted  on  methods  to  Improve 
the  properties  of  adhesive-bonded  joints  in  17-7PH. 

More  work  is  justified  in  this  area. 

• Curing  Techniques  - The  excessive  curing  times  for  com- 
posite rotors  was  mentioned  by  several  helicopter  manu- 
facturing engineers.  The  following  approximate  curing 
times  were  noted; 

250  - 300-lb  rotor;  curing  time  8-12  hours 

750-lb  rotor;  curing  time  16  hours. 

More  work  is,  therefore,  required  on  direct  heat-transfer 
tooling  and  rad io- frequency  heating 

• Control  of  Fiber/Resin  Ratio  - There  is  a requirement  to 
develop  methods  to  control  the  fiber/resin  ratios  (as 
placed  and  cured)  and,  hence,  achieve  repetitive  values 
for  filament  wound  blades.  It  was  stated  that  + per- 
cent can  be  achieved  with  tape.  Controlling  the  end 
item  during  the  cure  is  a problem  pointed  out  by  one 
par t ic ipant . 

^ Composite  Drive  Shafting 
t 

I 

• Further  dev’elop  filament  winding  equipment  for  hybridized 
composite  transmission  shafting,  e.g.,  graphite  and  Kevlar- 
49,  providing; 

Increased  stiffness  meaning  fewer  bearings  and 
supports 

Notch  Insensitivity  and  the  multiplicity  of 
load  paths  result  in  ballistic  tolerance 

t 
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Ta ilorab 11 1 ty  and  efflclencv  of  material  gives 
lower  welgiit/unlt  length 
Potential  weight  and  also  cost  savings  approxi- 
mately '+0  percent. 

► Transnii^i n.  H.> 

0 trovldfc  opf  oi  tLifi  i t V r . i ; i .i  ■' f.  approaches 

nti''i7irig  manufacturing  it  i..  . discussed,  l.e., 

B/Al  tubular  truss  structure  wil.t  ur./Sp.  case. 

► CoricfepyCs  for  A;  tuntl.nK  i.evers 

• While  some  of  the  innovatlvelv  designed  levers,  e.g., 
geodesic  he.H-rranks , do  meet  the  ballistic  tolerance 
requirements,  new  concepts  are  necessary  which  are  more 
compatible  with  the  se/ere  space  limitations  In  heli- 
copters. These  concepts  may  require  alternative  methods 
of  fabrication.  Because  of  these  space  limitations,  a 
problem  similar  to  missile  design,  hybrid  systems  of 
metallic  and  polymer  matrix  composites  are  a possibility. 

► Hone-'comh  Cores 

• Cost  of  Machining  - Lower  cost  mei.nods  are  required  for 
the  frequently  complex  machining  operation  of  shaping 
cores  for  blades. 

• Cost  of  Cores  - AUiTiiinnm  uiirit.  -..oi..'.'  rcall.’  the  only 
core  which  helicopter  compaiues  can  aifin'd,  but  radar 
imaging  rule  out  metallic  cores.  Purthermcre,  composites 
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tend  to  absorb  moisture  and  might  promote  corrosion  of 
metallic  cores. 

Nomex  honeycomb  is  more  expensive  than  aluminum  (5-7  to 
1).  The  modulus  of  Nomex  honeycomb  is  not  ideal.  There 
is,  therefore,  a need  for  a new  type  of  low-cost,  high- 
performance  honeycomb  such  as  in  glass-reinforced  plastic. 
If  the  latter  material  went  into  extensive  production  for 
honeycomb  cores,  it  was  felt  that  a considerably  lower 
cost  could  be  achieved  than  for  Nomex.  Other  geometrical 
configurations  for  sandwich  cores  should  be  explored. 

► Filament  Winding  of  Skins 

There  is  a need  for  innovative  high-speed  approaches  in 
filament  winding  so  that  the  cost  of  glass  fiber  reinforced 
plastic  structures  can  be  reduced.  Some  manufacturing 
engineers  felt  that  filament  winding  developments  essen- 
tially stopped  20  years  agol  Optimized  filament  wound 
deck-house  facings  first  as  a large  cylinder  which  is 
then  cut  and  laid  flat  onto  foam  cores  to  form  the 
sandwich  panel. 


^ Blade  Metallic  Leadine  - Edges 


Further  work  is  required  on  low-cost,  nonmetal  lie 
abrasion-resistant  leading  edges  of  low-radar 


• A problem  is  the  edge  treatment  titanium  leading  edge 
sheets.  These  components  are  formed  and  bonded,  and 
it  is  understood  that  considerable  time  and  cost  are 
required  to  chamfer  the  edges  of  the  sheet, 
a The  forming  of  nickel  leading  edges  Is  time-consuming. 

It  is  believed  that  12-16  hours  were  mentioned  for  this 
operation.  The  tooling  is  expensive,  warping  and  trim- 
ming are  problems,  and  field  replacement  procedures  do 
not  exist. 

The  foregoing  comments  serve  to  illustrate  why  the  project  staff  is  strongly 
recommending  that  Composites  he  considered  a major  thrust  and  that  this 
broader  thrust  can  be  broken  down  into  several  appropriate  subthrusts  each 
directed  to  a component  or  family  of  components. 

As  will  be  shown  in  a later  section  on  funding  guidance,  a 5-year 
budget  for  composite  technology  represents  over  20  percent  of  the  total  being 
recommended.  However,  continued  attention  to  verify  cost  reduction  accom- 
plishments should  be  the  subject  of  continued  attention  by  the  AVSCOM 
staff  to  Insure  return  on  investment  is  being  experienced. 


w 


Jolnin>; 


The  act  of  joining  structures  and  components  by  mechanical  fasten- 
ing, welding,  brazing,  and/or  adhesive  bonding  accounts  for  over  half  of  the 
labor  involved  in  assembling  turbine  engines,  rotors,  drives,  and  airframes. 
Hence,  joining  is  a very  important  cost  driver--not  only  from  the  high  labor 
content  but  because  of  the  additional  high  labor  required  to  assure  Joint 
quality. 

One  source  indicated,  that  there  are  well  over  50,000  total  fasten- 
ers in  a large  helicopter  and  that  over  4000  standard  and  nonstandard  fas- 
tener shapes,  sizes,  and  types  are  used  in  the  helicopter  industry.  Thus, 
efforts  to  both  eliminate  and  standardize  on  fewer  types  of  fasteners  are 
worthwhile.  This  point  has  been  made  repeatedly  by  previous  studies* 
evaluating  cost  drivers  so  will  not  be  emphasized  here.  The  fact  that 
specialized  or  nonstandard  fasteners  cost  from  five  to  twenty  times  more 
than  similar  "standard"  fasteners  provides  a built-in  incentive  to  stand- 
ardize as  much  as  possible. 

With  the  help  of  computers  it  has  become  increasingly  practical  to 
arrive  at  fastener  standards  throughout  the  aerospace  industry.  Thus,  the 
Battelle  team  sees  no  reason  for  the  Army  to  support  studies  related  to  the 
manufacturing  of  lower  cost  fasteners.  On  the  other  hand,  a joint  Army-Air 
Force  program  aimed  at  computer-aided  fastener  selection  could  prove  valu- 
able. A low-level  effort  is  currently  underway  to  develop  a specification 
(Mil-Std-1515)  which  will  be  aimed  specifically  at  Identifying  standards 
for  the  selection  of  fasteners  for  the  aerospace  industry.  The  Air  Force 
may  soon  increase  its  effort  in  this  area;  however,  to  the  Battelle  team's 
knowledge,  the  potential  effort  does  not  include  computer-assisted  fastener 

* Marchinski,  L.J. , "Design  to  Cost  at  Work  for  Helicopter  Systems",  AlAA 
Paper  No.  74-962,  presented  at  6th  Aircraft  Design  Flight  Test  and 
Operations  Meeting,  Los  Angeles,  California,  August,  1974. 

*Army  Helicopter  Cost  Drivers",  Harold  K.  Riddick  Jr.  Eustis  U.S.  Army 
Air  Mobility  Research  and  Development  Laboratory. 
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selection  --  something  which  could  be  Included,  especially  If  the  Army  and 
Air  Force  shared  the  cost. 

The  labor  required  in  Installing  fasteners  requires  careful  study 
to  Identify  labor-saving  ways  of  automating  the  installation  of  rivets  and 
bolts.  This  subject  was  discussed  wltli  roost  contractors,  who  agreed  that 
modularized  riveting  devices  should  be  developed  to  permit  Installation  of 
a number  of  rivets  simultaneously. 

As  an  alternative,  two  companies  suggested  a combination  of  adhe- 
sive bonding  and  riveting  (Rivet-Bonding)  using  roughly  one-third  the  normal 
number  of  rivets  to  augment  adhesively- joinea  panels.  In  structures  using 
this  process  the  adhesive  would  provide  both  bond  strength  and  a barrier  to 
moisture  migration.  This  method  seems  to  be  more  adaptable  to  accomplishing 
higher  joint  reproducibility  than  Spot  Weld-Bonding,  a process  coupling 
adhesive  bonding  and  spot  welding.  A continuous  problem  with  the  latter 
process  Is  that  a high  percentage  of  weld  nuggets  contain  porosity  as  a 
result  of  the  breakdown  of  the  adhesives,  which  have  a tendency  to  con- 
taminate the  weld  zone;  this  occurs  especially  when  the  adhesive  layers 
(hence  gaps)  vary  due  to  variations  Ir.  flt-up  tolerances. 

The  joining  of  sections  of  composite  structures  continues  to  rep- 
resent an  Important  area;  especially  when  joined  to  metallic  structures. 
Dimensional  changes  which  occur  when  honeycomb  stiffened  structures  are 
cured  can  lead  to  variations  In  the  forces  required  to  fit  up  the  faying 
surfaces.  This  problem  can  lead  to  difficulty  In  matching  up  the  fastener 
holes  and  to  variations  In  residual  stresses  In  joints.  Designing  the  faying 
surfaces  to  be  more  flexible  represents  one  alternative,  but  this  can  lead 
to  the  need  for  adding  supplemental  stiffening  caps  to  the  joint  area.  A 
variety  of  joints  are  being  studied  by  several  contractors.  One  such 
joint  which  could  be  used  (after  further  evaluation  of  its  merits)  Is  an 
Interwoven  fiber  hinge  joined  with  adhesives  and  subsequently  stiffened 
with  semiround  or  quarter  round  caps. 
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About  70  projects  Involving  Joining  technology  were  suggested  by 
prime  contractors  as  representing  approaches  to  Important  problems.  About 
30  of  these  projects  pertained  to  Joining  of  airframe  structures,  about 
25  were  related  to  rotor  and  drive  assemblies  and  approximately  15  were 
identified  in  relation  to  turbine  engines.  About  half  of  the  projects 
are  related  to  composites,  which  in  turn  is  another  major  thrust.  Be- 
cause partial  or  complete  use  of  adhesives  reduces  the  number  of  fasteners 
used  in  assembly,  advanced  Joining  technology  also  represents  a method  of 
reducing  the  part  count  which  is  still  another  major  thrust.  This  gives 
further  emphasis  to  the  need  for  important  attention  by  the  Army  to  join- 
ing technology. 
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The  thrust  in  repairabil i ty  and  maintainability  relates  to  effect- 
ing repairabil ity  and  maintainability  in  production  aircraft,  solving  main- 
tenance problems  that  can  be  traced  to  manufacturing  problems  and  developing 
improved  procedures  for  maintenance  and  repair  as  they  relate  to  Depot 
manufacturing  v'^tations. 

It  is  well  recognized  that  helicopters  require  greater  mainte- 
nance than  fixed  wing  aircraft  of  comparable  size  oecause  they  are  more 
complex,  are  subjected  to  consistently  nit,n«,i.  operating  stresses  and  the 
dynamic  systems  operate  continuously  at  near  design  limits.  Vibration  also 
contributes  to  the  maintenance  problem  in  lie  1 icopters , imposing  both  ex- 
pected and  unexpected  forces  on  the  dynamic  components  as  well  as  the  struc- 
tural components.  Another  factor  creating  difficulty  in  maintenance  and 
repair  is  that  the  subsystems  are  pacxaged  in  a congested  manner  within  heli- 
copters making  many  components,  and  subcomponents  difficult  to  reach  during 
normal  maintenance. 

The  helicopter  operational  environment  is  an  important  factor  also 
in  the  maintenance  problem.  They  are  typically  operated  close  to  the  ground, 
exposing  them  to  a more  hostile  environment  than  fixed  wing  aircraft. 

Landing  and  take-off  from  unprepared  fields,  causing  the  ingestion  of  solid 
particles  and  debris,  leave,  the  engines  vulnerable  to  more  rapid  wear-out. 
These  are  but  a few  of  the  many  reasons  why  the  project  staff  recommends 
repairabillty  and  maintainability  as  being  a major  thrust  in  AVSCOM's  future 
planning.  Maintenance  and  parts  account  for  567.  of  the  total  life  cycle  for 
a typical  helicopter*;  it  is  important  to  identify  those  areas  where  this 
cost  can  be  affected. 

* Army  Helicopter  Cost  Drivers  USAAMRDI.-TM ■ , August.  1975,  Eustis  Director- 
ate, USA  Air  Mobility  R6J)  lab. 


As  might  be  expected,  the  contractors  contacted  In  this  survey 


acknowledged  the  importance  of  maintenance  and  repairabil ity  on  their  respec- 
tive aircraft  and/or  subsystems.  However,  there  were  only  a few  projects 
relating  directly  to  maintainability  and  repairabil ity  described  to  the 
Battelle  staff  as  being  appropriate  for  AVSCOM  funding,  partly  because 
such  programs  have  apparently  not  received  a great  deal  of  attention  from 
AVSCOM. 

One  of  the  reasons  for  this  seems  to  relate  to  the  fact  that  the 
cost  benefit  of  maintenance  and  repair  related  programs  are  difficult  to 
pin  down  in  specific  terms  and  they  are  not  part  of  the  first  costs. 

One  area  of  the  composite  major  thrust  includes  the  suggested 
use  of  fiber-reinforced  thermosetting  plastics  which  could  Improve  the 
repairabllity  of  composite  structures  substantially. 

In  turbine  engines  the  repairabllity  problems  are  largely  found 
in  the  turbine  portion  of  the  engine  where  blades  corrode  and/or  break  out 
during  service.  The  most  modern  helicopter  engine  (T700)  is  designed  with 
Integral  compressor  "bllsks",  rather  than  the  more  conventional  dovetail 
slot-type  assembly  used  in  earlier  engines.  This  means  that  better  methods 
for  joining  the  blades  by  diffusion  bonding  or  perhaps  friction  welding 
are  necessary  to  replace  blades  on  a damaged  blisk;  otherwise,  the  entire 
assembly  may  have  to  be  scrapped. 

In  transmissions  one  of  the  key  factors  in  maintenance  is  the 
wear-out  of  seals  at  various  shaft  openings  and  subsequent  loss  of  trans- 
mission fluid.  Heavier  greases  are  being  used  by  the  Corpus  Christ!  Army 
Depot  in  reworking  transmissions,  with  no  adverse  effect  of  the  heavier 
greases,  and  the  practice  results  in  longer  mean  time  between  subsequent 
overhauls . 

In  the  construction  of  conventional  airframe  skin-stringer  design 
for  the  fuselage,  the  rivets  that  fail  can  be  removed  and  replaced  with 
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nuts  and  bolt  assemblies.  Adhesively  bonded  structures,  on  the  other  hand, 
would  probably  require  an  additional  riveting  and/or  bolting  once  the  bond 
Joints  separate  due  to  the  rigorous  environment  helicopters  encounter.  Thus, 
an  effort  to  reduce  the  first  cost  of  Joining  structures  by  adhesive  bonding 
can  increase  the  cost  of  maintenance  and  repair  because  the  faying  surfaces 
must  be  cleaned,  refitted,  and  either  rebonded  with  adhesives  or  in  some 
Instances  drilled  and  riveted  together. 

In  a study  conducted  by  Cook"  it  was  found  that  the  data  being  j 

used  in  analyzing  maintenance  history  on  specific  components  was  not  always 
precise.  However,  he  and  his  associates  were  able  to  identify  a number  of 
important  areas  where  the  man  hour  requirements  were  quite  high  in  main- 
taining some  helicopters  in  comparison  with  others.  The  study  Identified  ; 

the  components  of  current  inventory  helicopters  which  contribute  most  of 
the  high  man  hour  cost  of  maintenance.  The  report  quantified  the  problems 
in  terms  of  maintenance  time.  Thus,  the  Production  Technology  Branch  of  • 

AVSCOM  could  find  it  important  to  establish  even  stronger  communication  ties  ' 

with  the  Corpus  Christ!  Army  Depot  in  order  to  stay  on  top  of  maintenance  ^ 

' problems. 

From  the  standpoint  of  contractor  response,  repair  and  maintenance 
was  mentioned  as  part  of  or  as  the  main  subject  of  over  30  potential  proj- 
ects suggested  for  Al^SCOM  future  planning.  It  is  interesting  to  note  however, 
that  less  than  20  percent  of  such  R&M  efforts  relate  to  composites  where 
the  problems  of  Joining  are  most  dominant.  It  io  our  opinion  that  R6J1  of 
composites  will  represent  a vital  part  of  AVSCOM's  future  efforts,  assum- 
ing that  the  steadily  increasing  use  of  composites  in  helicopters  will 
continue . 

* Cook,  T.  N.,  "Maintainability  Analysis  of  Major  Helicopter  Components", 

■i  August  1973,  U.S.A.  AMRDI.  Technical  Report  73-43. 
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Computer  Applications  in  Manufacturin 
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The  advent  of  low-cost  computers  has  brought  tremendous  capabil- 
ity for  applications  in  the  manufacture  of  helicopters.  According  to  rep- 
resentatives of  companies  contacted,  the  list  of  applications  continues  to 
grow  as  each  firm  gains  increasing  confidence  in: 

CAD  - Computer  aided  design 
CAM  - Computer  aided  manufacture 
CAI  - Computer  aided  inspection 
In  design,  CAD  programs  have  been  effective  for 
Preparation  of  shop  drawings 
Preassembly  check,  out 
Design  of  blade  forms. 

and  some  early  work  is  under  way  to  apply  CAD  to  airframe  structures,  gear 
profiles,  and  in  material  selection.  With  the  growing  bank  of  manufacturing 
cost  information  on  materials  and  processes  within  each  company,  it  is  ex- 
pected that  computers  could  soon  be  useful  in  speeding  up  cost  trade-off 
studies  prior  to  finalizing  designs  for  components  and/or  subassemblies. 

It  appears  that  CAD  programs  are  progressing  reasonably  well  at  most  air- 
frame builders  and  identification  of  potential  efforts  with  high  return  on 
Army  investment  is  difficult. 

On  the  other  hand,  further  developments  of  the  CAM  applications 
of  numerical  control  (N/C)  machining,  cutting  and  welding,  and  tape/fiber 
layup  represent  opportunities  for  cost  reduction.  For  example,  emphasis 
on  N/C  machining  of  blisks  for  the  T700  engine  using  multiple-spindle 
machines  should  save  considerably  over  the  indexing,  single-spindle  mach- 
ining methods  now  practiced.  This  development  is  also  a good  example  of 
where  CAD/CAM  activities  interface  with  the  major  thrust  aimed  at  developing 
production-ready  tooling. 
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Production  Cape  or  fiber  winding  of  structures  often  require  one- 
of-a-kind  machines  designed  for  specific  applications  and  including  cams, 
worm  gears,  and  various  slides  to  provide  multiple  axis  capability  in  laying 
down  tape/fiber  onto  suitable  mandrels;  these  type  machines  are  not  numer- 
ically controlled.  On  Che  other  hand,  the  Automated  Tape  Layup  System 
(ATLAS)  at  Boe ing-Ver to^  is  a numerically  controlled  machine  designed 
specifically  tc  be  extremely  versatile  so  that  it  could  be  used  for  de- 
termining the  extent  to  which  cape  layup  can  be  automated  and  determining 
the  designs  of  subsequent  production  machines. 

There  is  a general  belief  that  small  N/C  systems  tailored  to  narrow 
ranges  of  part  sizes  are  more  efficient  than  either  large,  "universal" 
machines  or  conventional,  single-purpose  machines,  when  used  in  production. 

Efforts  either  under  development  or  early  application  in  the 
promising  area  of  CAI  include; 

• On-machine  dimensional  inspection  of  parts  during 
machining 

• Inspection  of  blade  forms 

• Nondestructive  evaluation  (NDE)  of  metallic  and 
nonmetallic  (composite)  structures,  components. 

Inspection  of  composite  structures  either  after  manufacture  or  during  ser- 
vice represents  one  of  the  most  Important  challenges  for  NDE  systems.  Most 
single  frequency  systems  (ultrasonic,  eddy-current)  are  capable  of  detecting 
changes  and/or  d.fferences  in  response  but  are  not  very  diagnostic.  They 
pick  up  both  real  and  false  "defects".  For  this  reason  the  simple  tap  test 
is  still  preferred  by  most  firms  in  checking  for  disbonds  or  delaminations 
in  composite  structures. 

However,  mini-computers  are  being  used  with  increasing  success 
in  evaluating  the  response  to  multiple  frequencies  simultaneously  to  help 
distinguish  false  from  real  flaws  in  components.  So  far,  most  of  the 
effort  has  applied  to  essentially  homogeneous  materials.  However,  there 
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is  a growing  confidence  that  computer-aided  systems  will  be  developed  for 
composite  structures.  Since  inspection  costs  may  vary  anywhere  from  5 per- 
cent to  well  over  50  percent  of  the  manufacturing  costs  (especially  for 
composite  structures),  it  is  believed  that  some  emphasis  during  the  next 
5 years  should  be  directed  to  this  important  area  of  CAI. 

The  complex  mathematics  Involved  in  analyzing  stresses  in  struc- 
tures has  required  long  manual  calculations  usually  carried  out  on  portable 
calculators.  Two  firms  have  indicated  that  it  is  becoming  increasingly 
practical  to  take  into  account  stress  distributions  in  increasingly  com- 
plex structures  through  computer-aided  stress  analysis  (CAS). 

There  is  growing  confidence  that  future  aircraft  structures  can 
be  designed  to  the  point  of  shop  drawings  with  computers.  Reasonably 
effective  systems  are  already  in  use  at  General  Electric,  Allison  and 
other  companies  for  design,  drawing,  and  subassembly  check  out. 

This  same  area  of  CAS  has  been  demonstrated  to  various  degrees 
in  the  design  and  preparation  of  tooling  for  sheet  forming,  stamping,  cutting, 
forging,  and  extrusion.  The  programs  take  into  account  such  variables  as 
applied  stresses,  tool  deflections  and  part  spring-back  to  make  the  tooling 
very  close  to  correct  the  first  time,  thus  eliminating  much  trlal-and-error 
in  tool  machining. 

The  Army  should  continue  to  experience  good  return  on  investments 
in  future  programs  aimed  at  applying  computers  to  manufacturing. 


Quality  Control 


The  area  of  quality  control  has  been  identified  as  a major  thrust 
for  the  Army's  consideration  because  (among  other  reasons)  of  DoD's 
emphasis  on  "adequate  performance  for  reasonable  cost".  As  Indicated 
earlier,  quality  control  is  an  Important  cost  driver.  Final  inspection 
costs  repres-nt  only  a portion  of  any  quality  control  operation  applied 
to  aircraft  structures  and  other  hardware.  There  are  numerous  in-process 
inspection  operations  which  start  from  the  raw  materials  and  continue 
through  virtually  all  manufacturing  steps.  There  is  general  agreement  that 
the  costs  are  high  but  difficult  to  pin  down. 

The  implementation  of  both  basic  and  advanced  quality  control  (QC) 
and  nondestructive  inspection  (NDI)  methods  is  accepted  practice  throughout 
the  helicopter  industry.  This  area  includes  not  only  NDI  techniques  that 
are  used  to  assure  the  quality  and  reliability  of  individual  critically 
loaded  components,  but  QC  tests  used  to  sample  the  batch  quality  of  less 
critical  components.  NDI  techniques  used  commonly  in  the  helicopter 
industry  include  radiography,  ultrasonic,  penetrant,  and  magnetic  particle 
tests,  eddy  current,  and  "tap  tests"  The  more  common  QC  tests  employed  are 
dimensional  measurements,  selective  destructive  tests,  and  batch  chemical 
analysis . 

Advancing  technology,  reliability,  and  performance  requirements 
have,  in  general,  out-paced  the  development  of  QC/NDI  techniques.  Hence, 
there  is  a need  to  develop  and  implement  more  sophisticated  and  efficient 
QC/NDI  systems.  QC/NDI  technology  gaps  have  come  to  exist  for  many  reasons. 
High  system  performance  with  the  associated  stringent  reliability  require- 
ments have  placed  increasing  demands  on  QC/NDI  for  "flaw-free",  close- 
tolerance  components.  The  development  of  new  design  concepts  and  methodology 
together  with  the  associated  more  complex  material  systems  (such  as  advanced 
composites)  has  resulted  in  components  that  are  extremely  difficult  (if  not 
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impossible)  to  inspect  reliably  using  existing  QC/NDI  techniques.  This  has  ] 

resulted  in  redundant  inspection  of  often  questionable  or  undeterminable  I 

reliability.  | 

In  efforts  to  improve  component  reliability,  substantial  destruc-  | 

» 

tive  testing  is  often  employed.  In  addition,  the  amount  of  QC/NDI  required 

per  component  and  the  number  of  components  requiring  QC/NDI  has  increased,  | 

as  has  the  complexity  of  the  inspection  techniques,  resulting  in  substantial  i 

operator  interaction  in  the  inspection  process  and  the  interpretation  of  its 
results.  This  has  resulted  in  increased  manual  inspection  labor  and  a 

variable  inspection  reliability,  primarily  due  to  operator  involvement  in  | 

the  interpretation  of  inspection  data.  | 

The  net  effect  of  this  technology  gap  has  been  to  increase  ins  pec-  | 

tion  costs  and  to  cause  a questionable  and  often  undeterminable  inspection  ! 

reliability.  Labor  intensive  inspection  with  the  associated  increasing  labor  5 

costs  and  redundant  inspection  practices  has  resulted  in  nondestructive  \ 

QC/NDI  costs  accounting  for  as  much  as  30  percent  of  the  total  costs  for  ! 

many  components.  ] 

Many  advanced  design  components  on  the  drawing  board  and  in  proto-  I 

type  phases  will  be  extremely  costly,  if  not  impossible,  to  inspect  using  I 

techniques  available  today.  Therefore,  it  is  important  that  more  advanced  ] 

i 

and  automated  inspection  techniques  be  developed  and  implemented. 

Presuming  that  there  is  excellent  success  in  eventually  reaching 
a very  high  level  of  confidence  in  the  nondestructive  evaluation  of  com-  ! 

posite  structures,  it  is  foreseeable  that  designers  will  be  able  to  take  ! 

I 

fuller  advantage  of  the  strength  capability  of  composite  structures.  j 

Perhaps  design  factors  of  less  than  2:1  can  be  considered  rather  than  using  i 

the  safety  factors  of  over  4:1  which  is  current  practice.  i 

Other  than  the  computer-aided  inspection  efforts  described  in  the  | 

last  section,  the  specific  quality  control  related  projects  suggested  by  j 

contractors  which  seem  to  stand  out  are  those  related  to  the  nondestructive  j 

I I 

evaluation  of  composite  structures.  • j 
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This  area  is  receiving  considerable  attention  by  contractors  in 
their  respective  IRAD  programs.  Examples  of  efforts  include 

• Use  of  optical  fibers  scattered  throughout  fiber- 
reinforced  structures  (lack  of  optical  response  at 

a root  point  indicates  some  discontinuity  of  unknown 
severity  or  location) 

• Use  of  lead-type  glass  fiber  scattered  throughout  the 
fiber  reinforcement  (broken  fibers  noticed  upon  radio- 
graphic  inspection  is  another  sign  of  a discontinuity) 

• Composite  blades  are  maintained  under  positive  air/gas 
pressure  during  service  (leakage  is  a sign  of  a discon- 
tinuity of  unknown  severity  or  location) 

• Attempts  have  been  made  to  standardize  on  the  sound 
changes  occurring  during  simple  "tap  testing"  to  help 
distinguish  frame  disbonds  from  other  type  of 
"Intentional"  discontinuities  (e.g.,  honeycomb  structures) 
or  bond  zones  containing  too  much  adhesive/resln. 

The  Army's  growing  comnitment  to  the  use  of  composite  structures 
makes  it  Important  to  develop  truly  diagnostic  methods  for  distinguishing 
between  harmful  flaws  and  harmless  discontinuities. 

For  this  reason  we  are  strongly  recommending  that  virtually  all 
programs  undertaken  to  evaluate  and  apply  composites  include  significant 
attention  to  NDI  procedures. 

There  are  well  over  35  suggestions  for  projects  related  to 
quality  control  --  mostly  for  composite  structures.  However,  there  are 
still  many  other  inspection  problems  related  to  metallic  components: 

• Location  and  evaluation  of  flaws  in  hollow  blades 

• Location  of  small  cooling  passages  in  cast  blades 

• Assurance  of  bond  quality  after  welding,  brazing,  and 
especially  after  diffusion  bonding  of  superalloys  and 
titanium. 


For  advanced  Curboshaft  engines  one  of  the  most  Important  prob- 
lems stems  from  high  rpm.  Low-speed  balancing  systems  do  not  always  give 
the  desired  engine  balance  especially  for  taking  Into  account  harmonic 
and/or  Impedance  effects  of  localized  Imbalances  which  can  cause  the  total 
rotor  assembly  to  distort  slightly  along  the  axis  of  rotation.  Closely 
spaced  shaft  bearings  are  used  to  control  this  condition.  However,  the 
blade/shroud  clearances  are  extremely  tight  which  can  lead  to  abrasion  of 
the  blade  tips  and/or  shrouds.  While  blade  tip  erosion  leads  to  some 
improvements  in  local  balance,  the  greater  clearances  lead  to  some  unde- 
sirable losses  of  engine  efficiency.  Ideally,  the  engine  rotor  would  be 
balanced  in  all  sections  rather  than  having  localized  offsetting  imbalances 
(the  current  system).  All  engine  manufacturers  contacted  agreed  that  the 
application  of, computer-aided  multiplane,  multispeed  balancing  system 
would  help  them  reach  the  ideally  balanced  turbine  rotor. 

Based  on  maintenance  experiences  at  Corpus  Christ!  Army  Depot, 
the  quality  assurance  techniques  for  checking  out  components  during 
scheduled  and  unscheduled  maintenance  requires  important  attention.  This 
is  again  especially  true  for  composite  structures.  Many  "retire"  or 
"reuse"  decisions  are  made  based  on  personal  experience  of  individuals 
rather  than  on  the  basis  of  diagnostic  testing.  This  also  applies  to  some 
extent  in  transmission  repair  where  diagnostic  tests  are  needed  to  help 
decide  when  or  when  not  to  retire  gears,  bearings,  and  other  critical 
components . 

Estimates  made  at  the  Corpus  Christ!  Depot  suggest  that  a high 
percentage  of  parts,  which  might  otherwise  have  a much  longer  service  life, 
are  replaced  as  a precaution  rather  than  based  on  diagnostic  evaluation. 

Thus,  attention  to  the  in-service  quality  control  of  components 
will  be  important  especially  as  the  newer  models  (AAH,  UTTAS,  CH-47) 
arrive  on  the  scene  at  Corpur  Christ!. 
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It  Is  often  difficult  to  estimate  the  direct  benefits  of  increased 
component  or  system  reliability,  but  if  inspection  reliability  is  Improved 
such  that  redundant  inspection  could  be  eliminated  and  automated  inspection 
systems  implemented,  it  is  estimated  that  inspection  costs  (that  are  up- 
wards of  30  percent  for  many  components)  could  be  reduced  by  a factor  of 
3.  Other  direct  and  indirect  benefits  that  are  to  be  realized  include  a 
lower  component  rejection  rate,  lower  materials  and  fabrication  costs 
(assuming  component  over  design  because  of  uncertain  inspection  reliability), 
elimination  of  most  destructive  tes.ting,  and  better  feedback  to  in-process 
quality  control. 
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Reduction  of  Part  Count 
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Since  high  part  count  has  been  identified  as  a leading  cost 
driver,  it  is  understandable  that  a major  thrust  should  be  directed  to 
reducing  the  inventory  of  parts  required  to  assemble  each  helicopter.  The 
action  is  needed  to  reduce  the  labor  involved  in  handling  and  installing 
components.  A sampling  of  some  current  actions  to  reduce  part  count 
inc lude 


• Commonalizing  left-  and  right-hand  parts  where 
possible 

• Standardization  of  fastener  selection 

• Substituting  adhesive  joining  for  riveting 

• Combining  adhesive  bonding  with  reduced  numbers  of 
rivets /bolts 

• Using  unitized  composite  structures  in  place  of 
conventional  skin  stringers 

• Welding  engine  components  together  (gears,  shafts) 
in  place  of  fasteners  and  clamps. 

Over  30  project  areas  have  been  suggested  toward  the  goal  of 
reducing  part  counts  beyond  the  more  than  100  suggested  projects  related  to 
the  use  of  composite  structures.  Yet  many  of  the  suggested  projects  have 
a tendency  to  increase  labor  content  while  making  the  single  parts  or  while 
reducing  the  fasteners.  In  the  latter  case,  the  need  for  precise  fit-up 
and  expensive  jigs  and  fixtures  accompanies  most  all  of  the  adhesive  joining 
activity.  This  all  Involves  labor  for  making  the  adjoining  surfaces  more 
precise,  for  making  the  jigs  and  fixtures,  and  for  applying  and  curing  the 
adhesives . 

There  was  general  agreement  that,  given  the  present  state  of  the 
art  in  composite  component  manufacturing,  the  use  of  composites  as  a means 
of  reducing  part  count  was  not  always  in  the  interest  of  economy  in  the 


9A 


manufaccure  of  airframes.  An  exception  to  this  is  when  composites  are 
used  in  the  manufacture  of  a small  number  of  prototype  helicopters  where 
"soft"  tooling  can  be  made  simply  from  castable  or  moldable  material  to 
form  a few  parts.  However,  once  in  production,  conventional  construction 
is  now  usually  considered  by  airframe  manufacturers  to  be  more  edonomical. 

In  the  areas  of  turbine  engines  and  transmissions,  .reduced  part 
count  comes  up  in  proposed  approaches  to  friction  welding  shafts  to  gears 
and  disks  to  replace  the  spline/bolt/cl£dap  systems  now  more  comnonly  used 
to  assemble  the  shafts.  Suitable  projects  aimed  at  producing  one-piece 
shaft  gears  (or  disks)  are  worthy  candidates  for  Army  support. 

Efforts  in  part  reduction  complement  and  interface  with  efforts 
in  the  other  major  thrusts  of  joining  and  composites,  and  further  descrip- 
tions of  Individual  actions  to  reduce  part  count  appear  in  the  sections 
for  those  thrust  areas. 
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Net-Shape  Processing 

There  Is  almost  unanimous  agreement  between  the  producers  of 
airframes  and  engines  that  there  should  be  a major  initiative  included  in 
the  AVSCOM  manufacturing  technology  activity  aimed  at  producing  "net" 
shapes  — parts  rolled,  forged,  extruded,  cast  and/or  pressed  from  powders 
to  (or  very  close  to)  the  final  contours.  Several  examples  of  suggested 
efforts  include 

• Precision  Forging  of  Radial  Impellers  j 

• Precision  Casting  of  Radial  Impellers  ] 

• Precision  Forging  of  Transmission  Gears  j 

) 

• Isothermal  Forging  of  Turbine  Disks 

• Precision  Roll  Forming  of  Compressor  Blades 

• Hot  Isostatic  Pressing  of  Components  for  Airframes, 

Rotors  and  Engines  from  Powders 

• Close  Tolerance  Casting  of  Rotor  Hubs 

• Precision  Extrusion  of  Structural  Shapes. 

Proponents  of  net-shape  processing  cite  substantial  material  savings  over 
several  hundred  ship-sets  or  engines  where  typical  machining  losses  to  chips 
currently  represent  anywhere  from  4 to  12  times  the  finished  part  weights. 

The  logic  of  supporting  appropriate  manufacturing  technology  programs  is 
often  overwhelmingly  favorable.  Excessive  chip  losses  are  definitely  a 
major  cost  driver  in  the  manufacture  of  hardware.  However,  when  the 
Battelle  staff  asked  further  questions  about  why  net-shape  processing 
isn't  more  widely  used  now,  the  answers  almost  always  came  down  to  tooling 
costs,  process  development  costs  and  small  production  quantities. 

As  an  example,  the  current  method  for  producing  forged  structural 
components  usually  involves  the  sinking  of  generously  contoured  dies  and 
subsequent  forging  of  generously  contoured  "envelope"  shapes  followed  by 
machining  away  60  to  90  percent  of  the  original  forging  weight  to  yield  the 
final  parts. 
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At  first  glance,  this  appears  to  be  extremely  wasteful.  Yet 
much  of  the  machining  involves  drilling  of  holes,  machining  of  slots, 
grooves,  and  other  reentrant  areas  which  would  be  impossible  to  forge  (and 
still  remove  the  parts  from  forging  dies)  --  whether  precision  forgings  or 
"envelope"  forgings.  Considering  this  aspect  (with  the  exception  of  simple 
shapes  such  as  blades  and  flat  disks),  it  is  doubtful  that  a major  campaign 
to  precision  forge  a wide  range  of  structural  parts  would  reduce  the  metal 
losses  (to  chips)  below  a level  of  about  50  percent.  Yet  the  incentive  for 
net  shape  is  still  there.  Consider  a 1000-pound  structural  forging  machined 
to  a 150-pound  finished  part.  This  represents  an  85  percent  metal  loss  to 
chips.  If  the  same  part  could  be  "net"  forged  to  a weight  of  300  pounds, 
the  metal  loss  would  be  reduced  by  700  pounds  --  a tremendous  savings  in 
material  and  machining. 

These  generalities  skirt  the  real  issue  though.  In  most  cases, 
the  tooling  for  precision  or  net-shape  forging  is  far  more  costly  than  for 
the  generously  contoured  forging  because  more  die  stagings  are  required  and 
the  dies  wear  out  faster.  Furthermore,  the  shop  development  time  is  often 
on  the  order  of  four  to  six  times  greater  for  precision  forging.  Finally, 
the  production  rates  are  usually  much  lower,  especially  for  isothermal 
forging  or  "Gatorizing".  This  means  that  the  forging  companies  must 
recover  their  costs  associated  with  such  efforts  and  they  quote  unit  costs 
for  precision  forging  at  two  to  six  times  higher  than  for  conventional 
forgings.  This  has  to  be  balanced  against  the  machining  costs  saved  at 
the  customer's  plant.  These  high  tooling  and  development  costs  are 
experienced  most  when  forgings  are  purchased  in  relatively  small  quantities. 

The  manufacturing  technology  for  precision  forging  is  reasonably 
well  understood  and  within  the  state  of  the  art  for  such  items  as 

• Aluminum  Structurals 

• Titanium  Blades 

• Superalloy  Blades 

• Steel  Gears  and  Cams 


• Superalloy  Disks  (Isothermal  Forging) 

• Titanium  Disks  (Isothermal  Forging) 

• Small  Steel  Structurals. 


Yet  few  of  these  are  purchased  by  helicopter  manufacturers  as  precision 
forgings.  Why?  The  main  reason  Is  that  the  typical  purchase  quantities 
are  not  large  enough  to  amortize  the  high  tooling  and  development  costs 
within  the  first  few  runs. 

This  is  where  AVSCX)M  could  take  an  active  role  in  furthering  the 
production  application  of  net-shape  forming.  It  could  essentially  support 
the  early  manufacture  of  tooling  and  process  refinement  of  precision 
forgings  which  would  then  be  applied  to  subsequent  purchases  of  forgings 
(where  the  longer  ranging  cost-benefit  Is  foreseeable  over  several  produc- 
tion runs).  If  this  isn't  done,  it  is  doubtful  that  the  contractors  and 
forging  suppliers  will  choose  net  processing  for  any  parts  purchased  in 
quantities  of  less  than  about  250  parts  per  run. 

In  an  attempt  to  arrive  at  approximate  quantities  of  forged 
gears  needed  to  Justify  changing  from  conventional  practice  to  precision 
forging  practices,  contacts  were  made  with  such  companies  as 

• Burgess -Norton  Company 

• Gleason  Works 

• Wakefield  Bearing  Company 

• Eaton  Corporation 

• Federal  Mogul  Corporation. 

These  companies  are  all  active  in  precision  forging  of  gears  on  a production 
basis.  The  general  consensus  is  that  run  quantities  must  be  greater  than 
5000  gears  and,  in  many  cases,  higher  than  50,000  parts  to  justify  the 
tooling  costs.  It  should  be  pointed  out  that  these  are  low-rpm  gears*  used 
in  such  applications  as  tractors,  riding  mowers,  snowmobiles  and  other  off- 
highway  equipment.  Thus,  precision  forging  of  gears  for  helicopter 

*The  dimensional  tolerances  on  precision-forged  gears  are  generally  2 to  3 
times  those  for  cut  gears.  This  means  that  they  can  cause  greater  noise 
when  operating  at  especially  high  rpm. 
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transmission  service  would  probably  be  hard  to  justify  when  considering  the 
relatively  small  production  runs  more  typical  of  helicopter  transmissions. 

It  would  also  seem  that  justification  of  precision  gear  forging 
programs  will  have  to  be  based  more  on  the  superior  performance  aspect 
(longer  life)  rather  than  on  savings  in  first  costs. 

Precision  casting  of  semicritical  and  critical  components  seems 


to  be  a logi 

cal  alternative  to  forging. 

Examples  of  high  performance 

castings 

produced  on  a production  basis 

inc lude ; 

• 

Turbine  blades 

(Ni-base) 

• 

Turbine  vanes 

(Ni-base ) 

• 

Shrouds 

(Stainless  steel) 

• 

Compressor  casings 

(Alloy  steell 

There  are 

several  other  potential  applications  for  precision  castings 

inc luding 

• 

Control  linkages 

(Titanium  investments) 

• 

Rotor  hubs 

(Titanium) 

• 

Compressor  blades 

(Titanium,  alloy  steel) 

• 

Radial  compressor  wheels 

(Titanium,  alloy  steel) 

• 

Compressor  disks 

(Alloy  steel) 

• 

Turbine  disks 

(Superal loys) 

From  our  findings,  none  of  these  are  yet  qualified  for  production  applica- 
tion in  Army  helicopters. 

One  of  the  chief  concerns  in  the  application  of  castings  is  that 
for  reproducibility  and  quality  --  castings  generally  contain  some  amount 
of  macro-  or  microporosity  due  to  shrinkage,  and  these  are  not  always  in 
the  same  regions  of  the  parts.  Thus,  there  has  been  an  understandable 
reluctance  to  use  castings  in  critical  applications. 

However,  hot  Isostatic  processing  (HIP)  of  castings  has  now 
entered  the  scene,  where  the  castings  are  exposed  to  high  pressures  of 
15,000  to  20,000  psi  in  autoclaves  heated  up  to  2200  F (depending  on  alloy). 
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Originally,  HIP  was  developed  for  densifying  compacts  from  metal  p>owder 
and  has  been  used  for  a number  of  years  for  this  purpose.  The  applica- 
tion of  HIP  to  castings  is  relatively  new.  However,  it  has  already  been 
qualified  for  production  in  the  treatment  of  cast  superalloy  blades  at 
two  engine  manufacturers.  In  one  case,  HIP  is  used  mainly  to  treat  produc- 
tion castings  which  failed  to  meet  radiograpliic  standards  and  were  held 
on  Material  Review  (MR).  After  HIP  treatment,  about  90  percent  of  such 
MR  castings  pass  radiographic  inspection.  Thus  HIP  has  been  shown  effec- 
tive in  upgrading  castings. 

It  seems  logical  then  to  consider  applying  HIP  to  any  new  critical 
compxsnent  converted  from  forgings  to  castings.  Tliis  would  be  done  to  pro- 
vide more  reproducible  properties  and  to  give  the  designers  greater  confi- 
dence in  the  use  of  castings  in  critical  locations.  Later  experience 
should  provide  enough  data  to  help  decide  when  the  HIP  operation  can  be 
dropped  from  the  manufacturing  cycle  as  a further  cost  reduction.  Further 
discussion  of  such  effort  is  contained  in  the  following  section  on  hot 
isostatic  processing. 


Hot  Isoatatlc  ProcessinR 

Over  30  potential  cost-reduction  projects  identified  would 
result  in  substituting  either  metal  powder  parts  or  castings  for  forgings 
in  rotors,  drives,  turbine  engines  and  airframes.  There  is  little  doubt 
that  such  approaches  represent  potential  performance  problems  in  critical 
applications,  considering  the  recognized  low  density  of  powder-metal  parts 
and  porosity  in  castings. 

However,  hoc  isostatic  processing  has  been  demonstrated  effective 
in  densifying  and  raising  the  fatigue  performance  of  parts  made  by  either 
technique.  The  main  question  then  relates  to  whether  the  properties  meet 
the  design  requirements. 

According  to  engine  builders,  the  expected  cost  savings  in  the 
application  of  castings  (subsequently  HIP  treated)  to  turbine  components 
vary  from  10  percent  to  nearly  40  percent  in  comparison  with  forging  costs. 
The  HIP-casting  route  seems  to  offer  the  greatest  payback  because  castings 
can  be  produced  closer  to  final  part  dimensions  than  most  forgings 
(exception  — blades). 

From  the  technical  standpoint,  the  process  of  compacting  powder 
by  HIP  to  produce  final  parts  is  not  expected  to  give  the  best  properties, 
not  at  least  until  the  powder  metallurgy  components  are  brought  to  full 
density  by  forging  (for  example,  isothermal  forging).  The  preparation  of 
critical  components  from  powders  without  forging  is  now  at  an  earlier  manu- 
facturing development  stage  (for  example,  HIP  of  T700  turbine  disks  spon- 
sored by  AVSCOM)  and  will  require  further  effort  prior  to  acceptance. 

By  contrast,  the  Army  could  encourage  further  conversions  from 
forging  to  HIP-cas tings  under  MM&T  — provided  the  cost  reductions  continue 
to  appear  favorable.  For  example,  the  casting  of  smaller  titanium  com- 
ponents for  European  helicopters  is  consioered  state  of  the  art  and  it  is 
true  that  titanium  castings  are  less  costly  than  forgings  (especially  in 
relatively  small  quantities).  However,  no  one  contacted  felt  comfortable 


in  applying  castings  to  the  manufacture  of  larger  titanium  parts  (such  as 
rotor  hubs,  airframe  structurals  and  turbine  disks),  at  least  until  exten- 
sive experience  is  gained  with  smaller  castings. 

On  the  other  hand,  the  real  potential  payoff  for  HIP-castings 
(estimated  savings  in  millions)  is  in  the  substitution  of  lower  cost, 
near-net  castings  for  these  larger  components,  which  are  usually  machined 
extensively  to  less  than  10  percent  of  the  forging  weight. 

It  seems  logical  then  for  the  Army  to  initiate  programs  aimed 
at  gaining  experience  with  smaller  cast  titanium  parts,  such  as  control 
rod  ends  (of  which  there  are  more  than  30  per  aircraft).  These  rod  ends 
are  currently  specified  as  forgings  and  seem  to  be  good  candidates  for 
investment  casting.  If  an  appropriate  project  is  undertaken  by  AVSOOM,  it 
is  recommended  that  the  resulting  castings  be  treated  by  HIP  to  be  sure 
the  casting  quality  is  at  its  best. 

Assuming  favorable  experience  is  gained,  the  casting  could  then 
be  applied  to  progressively  larger  parts  when  the  cost  payoff  is 
increasingly  attractive.  The  application  of  HIP  to  such  castings  should 
be  considered  part  of  the  manufacturing  development  effort  until  the  sound- 
ness of  castings  can  be  brought  to  acceptable  levels. 

Giving  consideration  that  the  Air  Force  Manufacturing  Technology 
Division  is  also  planning  to  support  projects  related  to  the  application  of 
HIP  to  castings,  it  is  important  for  both  service  groups  to  maintain  close 
liaison  to  give  maximum  opportunity  for  synergism. 
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Production-Ready  Tooling 


Over  the  next  5 years,  prime  contractors  will  begin  building 
UTTAS  and  AAH  at  relatively  low  production  rates.  Since  the  budgets  for 
these  aircraft  are  often  relatively  fixed  and  with  the  current  tight  money 
and  peace-time  conditions,  1 t is  conceivable  that  total  aircraft  constructed 
on  the  contracts  could  drop  by  perhaps  25  to  50  percent  over  the  contract 
period.  Current  plans  call  for  about  -*70  AAH  and  1100  UTTAS  aircraft  with 
rather  low  delivery  schedules  at  the  outset.  Thus,  it  is  foreseeable 
that  the  prime  contractors  will  use  as  much  "mak'e-do"  tooling  as  possible, 
an  action  which  could  cause  the  manufacturing  costs  to  remain  nearly  as 
high  during  production  as  for  the  original  prototype  aircraft. 

With  these  probabilities  in  mind,  there  are  some  overall  long- 
term economies  which  can  be  realized  by  having  production-ready  tooling 
and/or  machinery  available  at  the  outset  of  production.  Examples  of  candi- 
dates include 

• Automatic  tooling  for  riveting  fuselage  structures 

• Multiple  spindle  N/C  facilities  for  machining 
compressor  bllsks 

• Automatic  tape/fiber  lay-up  equipment 

• Integrally  heated/cooled  dies  for  forming  and 

curing  of  composite  structures  — especially  rotor  blades 

• Inertia  welding  equipment  for  attaching  shafts  to 
transmission  gears. 

Over  50  projects  aimed  at  development  of  and/or  installation  of 
production-ready  equipment  were  suggested  by  contractors  contacted  in  this 
survey.  Over  half  of  these  suggested  projects  were  related  to  the  goal  of 
reducing  the  high  labor  content  in  the  manufacture  of  composite  structures. 

Based  on  these  observations,  it  is  logical  that  some  projects 
aimed  at  installing  production-ready  tooling  be  supported  with  MM&T  funding 
over  the  next  5 years  --  especially  after  the  final  contractors  are 
selected  for  each  of  the  advanced  helicopters. 
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Materlals-Ralated  Development 


♦ 


Materials  related  development  Is  identified  as  a distinct  tech- 
nical thrust  aimed  largely  at  implementing  currently  developed  advanced 
materials  in  helicopter  components  and  subsystems.  The  thrust  of  current 
developments  specifically  related  to  advanced  materials  involve  such  areas 
as 


• Substitution  of  newer,  stronger  and/or  higher 
temperature-resistant  alloys  in  turbine  engines 

• Application  of  closer-to-finlsh  part  making  methods 
using  advanced  materials 

• Precision  forging  of  advanced  material  gears,  disks, 
and  airframe  structurals 

• Close-to-finish  casting  of  components  for  engines 
and  structurals 

• Upgrading  quality  of  advanced  material  castings  by 
application  of  hot  Isostatic  processing 

• Computer-aided  design  and  manufacture  of  advanced- 
material  components 

• Improvement  of  quality  control  procedures  for  newer 
materials 

• Joining  of  titanium  and  heat-resistant  alloys. 

Most  all  of  these  activities  have  been  aimed  at  reducing  manufacturing 
costs,  applying  advanced  materials  processed  by  advanced  manufacturing 
techniques  and/or  Increasing  service  lives  of  metallic  components.  The 
attention  being  directed  to  the  substitution  of  organic  composites  for 
metals  in  many  of  the  secondary  and  some  selected  primary  structures 
demonstrates  an  important  trend  in  helicopter  manufacture;  materials- 
related  developments  are  further  described  in  the  composites  thrust  section. 
Some  of  the  future  efforts  for  metallic  materials-related  developments 
follow. 
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The  newer  T-700  engine  is  considered  to  represent  many  new 
challenges  for  existing  heat-resistant  alloys  during  peak  operating  rpm. 
This  has  brought  increased  attention  to  the  needs  for  such  manufac turing 
development  activities  as 

• Application  of  directional  solidification  to  improve 
creep/resistance  of  heat-resistant  alloys  used  in 
turbine  blados/vanes 

• Application  of  improved  coatings  for  vanes  and  blades 

• Application  of  internally  cooled  and  transpirational ly 
cooled  turbine  blades  cast  with  internal  cooling  passages 

• Development  of  abradable  yet  effective  seal  materials 
for  turbine  shrouds 

• Application  of  hot  isostatic  processing  (HIP)  to  improve 
the  integrity  of  cast  turbine  disks,  blades,  and  vanes 

• Development  of  effective  methods  for  replacing  damaged 
or  missing  blades  onto  turbine  disks  machined  with 
integral  blades  (blisks). 

The  limits  of  temperature  resistance  are  being  reached  in  turbine 
engines,  bringing  attention  to  the  potential  application  of  ceramics  for 
bearings.  However,  there  were  no  urgent  requirements  brought  to  the 
attention  of  the  Battelle  project  team.  Currently  used  high-speed 
steels  are  providing  reasonable  bearing  life  in  all  of  the  rig  testing 
programs  discussed.  However,  field  experience  has  demonstrated  that 
there  still  are  unexpected  low  bearing  lives  being  experienced  in  the 
field.  A brief  review  of  several  engine  bearing  failure  analyses  per- 
formed at  the  Corpus  Christ!  Depot. 

I 

i ' 
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Indicates  that  more  than  half  of  the  bearing  failures  are  due  to  lubrication 
failure  and/or  metallic  debris  In  the  oil. 


Several  hundred  gear  failures  of  various  types  have  been  ex- 
perienced at  the  Corpus  Christi  bepot.  More  than  75  percent  of  the  failures 
are  reportedly  due  to  galling  and  pitting,  which  in  turn  are  usually 
attributed  to  lubricant  failure.  CurreiaLions  with  the  surface  finish  of 
the  gear  teeth  have  not  been  very  clear.  When  transmissions  are  rebuilt  at 
the  Depot,  it  is  common  practice  to  change  lubricant  from  the  oil  types  to 
heavier  greases.  This  seems  to  extend  the  lives  of  transmissions  more  Chan 
any  significant  change  in  the  surface  finish  on  the  gears. 

It  is  always  a good  practice  to  continually  evaluate  new  gear 
alloys  for  potential  life  improvements;  however,  there  are  other  areas  to 
be  looked  at.  For  example,  there  seemed  to  be  general  agreement  that  the 
"superfinish"  required  on  many  of  the  gears  was  unnecessary  for  achieving 
maximum  gear  life.  At  least  three  of  the  suppliers  of  helicopters  agreed 
that  it  would  be  Important  to  reevaluate  the  requirement  for  the  super- 
finish  and  consider  using  a run-in  finishing  method  Instead.  A disadvantage 
of  the  current  dimensional  and  surface  finish  requirements  for  transmission 
gears  is  that  the  rejection  rates  are  rather  high  --  nearly  15  percent  in 
one  case.  Yet  the  gears  may  well  have  been  good  candidates  for  the  run-in 
finishing  method  (more  commonly  being  used  successfully  at  the  Corpus  Christi 
Army  Depot  and  supplied  in  matched  sets).  Such  gears  are  most  always 
replaced  as  matched  sets  anyway  rather  than  to  replace  one  new  gear  along 
with  a used  gear. 

In  summary,  the  thrust  of  mater rals-related  MD  and  ^®^6lT  programs 
during  the  coming  5 years  should  be  largely  aimed  at  applying  cost- 
effective,  advanced  manufacturing  methods  to  existing  materials. 
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For>{inR  TechnoloRV 

Forging  technology  is  identified  as  a major  thrust  for  two  major 

reasons : 

• Forging  represents  the  manufacturing  methods  which  provide 
the  highest  level  of  metallurgical  quality  in  hardware 
components 

• Because  forgings  require  expensive  tooling  and  processing 
costs  they  are  generally  more  costly  than  other  forms  of 
hardware  (castings,  weldments). 

Thus,  the  approaches  to  producing  lower  cost  forgings  represent  an  important 
area  for  continued  attention  by  AVSCOM. 

Over  the  past  decade  both  the  Army  and  the  Air  Force  have  supported 
nearly  100  different  projects  concerned  with  various  aspects  of  forging  tech- 
nology. Some  of  the  projects  have  resulted  in  some  important  accomplishments 
in 

• Isothermal  forging  of  turbine  disks 

• Precision  forging  of  compressor  blades 

• Close  tolerance  forging  of  structures  from  titanium 
and  steel 

• Precision  forging  of  transmission  gears. 

The  programs  have  included  developments  in  forging  lubricants,  die  materials, 
and  other  processing  technologies  which  have  indirectly  led  to  improved 
efficiency  in  forging  of  other  critical  components.  It  is  perhaps  worth 
reviewing  the  reasons  why  so  many  important  advances  in  forging  technology 
have  come  as  a result  of  Government-sponsored  programs. 

From  a purely  business  standpoint  the  premium  high  quality,  custom 
forgings  field  is  not  a growth  industry,  except  in  times  of  national  crisis. 
Business  levels  in  the  forging  fields  are  generally  cyclic,  but  the  industry 
is  Indispensible  to  the  private  and  govemmtnt  welfare  in  producing  reliable 
hardware  for  aircraft,  missiles,  steam  power,  turbine  electric  power  and  many 
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ocher  Industries,  Thus  it  is  important  for  advancements  to  be  made  con- 
tinually to  Improve  forging  technology. 

With  perhaps  three  or  four  exceptions,  custom  forging  companies  do 
not  ordinarily  conduct  broad  developmental  programs  aimed  at  optimizing  their 
processes  for  maximum  quality  at  minimum  cost.  For  example,  automated 
handling  is  seldom  seen  in  custom  forge  shops.  This  is  partly  explained  by 
the  general  aim  to  maintain  versatile  facilities  permitting  the  forging 
companies  to  bid  on  forging  of  wide  variety  of  part  shapes  for  a diversity  of 
customers , 

Another  characteristic  of  most  custom  forging  companies  is  that 
they  do  not  make  it  a practice  of  exchanging  technical  information  about 
developments  in  forging  specific  parts  or  processing  details.  This  also 
explains  why  there  are  very  few  technically  useful  publications  about  forging 
practices  issued  by  the  custom  forging  firms. 

The  isothermal  forging  work  sponsored  by  the  government  is  a good 
example  of  the  situation  where  advanced  processing  development  would  probably 
not  be  applied  by  industry  without  Government  support.  The  logic  of  this 
situation  is  easily  explained.  The  forging  company  which  quotes  price  and 
delivery  on  a part  usually  lists  tooling  costs  separately,  and  when  an  order 
is  placed  the  finishing  dies  become  the  property  of  the  customer.  Thus,  the 
customer  has  to  pay  for  the  tooling  directly.  When  purchase  quantities  are 
small,  the  unit  cost  allowed  for  tooling  can  be  several  times  the  balance  of 
the  unit  costs.  This  results  in  an  obvious  incentive  for  the  purchasing 
company  to  aim  at  minimizing  tooling  costs.  In  the  case  of  isothermal  forging 
the  cost  of  nickel-base  or  refractory  metal  dies,  heating  elements  and  the 
Insulated  back-up  tooling  can  represent  several  times  the  cost  of  conven- 
tional dies  made  from  lower  alloy  steels.  Therefore  the  decision  to  apply 
isothermal  forging  or  other  processes  that  increase  tooling  costs  is  more  in 
the  hands  of  the  customer  than  in  the  control  of  the  custom  forging  shop. 

The  part  designer  should  be  encouraged  to  finalize  the  design  enough  so  that 
little  or  no  change  is  needed  in  the  expense  of  isothermal  forging  dies 
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before  using  them  on  subsequent  orders.  If  such  a commitment  Is  made,  the 
Isothermal  forging  process  represents  an  attractive  method  for  reducing 
machining  operations,  metal  losses,  and  total  costs.  Here  is  a good  example 
where  unit  costs  of  initial  forgings,  for  example  in  the  first  year,  may  be 
substantially  higher  than  In  subsequent  orders,  mainly  because  of  the  need 
for  amortizing  the  co.stly  tooling.  Thus,  the  payoff  in  applying  isothermal 
forging  may  not  come  until  the  second  or  third  year  of  the  procurement  cycle. 

The  Government  has  funded  several  programs  aimed  at  characterizing 
or  improving  the  mechanical  properties  obtainable  from  the  forging  alloys. 

It  is  ImpKsrtant  to  have  extensive  mechanical  property  data  available  before 
selecting  the  new  materials  for  a particular  application.  Programs  aimed 
at  generating  extensive  design  data  are  valuable  because  they  permit  the 
designer  to  make  informed  decisions  in  materials  selection. 

The  review  of  many  advancements  in  forging  technology  directly 
attributable  to  Government  suppxirt  provides  convincing  evidence  of  the  key 
role  that  both  the  Army  and  the  Air  Force  have  played. 

Forging  technology  interfaces  with  other  major  thrusts  including 

• Net  Shape  Processing  (precision  forging) 

• Production-ready  tooling  (preparation  of  dies  for 
precision  forging) 

• Computer  design  in  manufacturing  (design  of  forging 
dies  in  forgings) 

More  detailed  discussions  of  individual  actions  are  described  in  those  thrust 
sections. 

Over  20  specific  forging  projects  were  suggested  by  industry  during 
this  survey.  Most  relate  to  the  further  application  of  precision  forging 
as  a means  of  reducing  input  material  and  machining  cost.  It  should  be 
further  emphasized  that  the  potential  pay  bark  In  forging  to  near  net  shapes 
will  probably  not  come  during  the  first  year  but  should  come  during  subse- 
quent production  orders. 
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Casting  Technology 


Casting  technology  is  identified  by  the  Battelle  staff  as  a major 
thrust  because  there  are  so  many  potential  opportunities  for  cost 

reduction  in  the  use  of  premium  quality  castings  in  helicopters.  High 
quality  is  already  being  experienced  in  the  production  of  superalloy  turbine 
vanes  and  blades  vacuum  cast  to  net  or  near  net  shapes.  Titanium  castings 
are  increasingly  being  used  on  European  helicopters,  and,  indeed,  many  are 
purchased  from  American  casting  firms. 

Titanium  components  in  helicopters  vary  in  size  from  the  small 
device  type  end  fittings  on  control  rods  to  turbine  blades  to  the  very 
large  rotor  heads  on  certain  helicopter  models  (CH-47  and  UTTAS,  for 
example).  These  are  all  currently  made  from  forgings.  One  company  suggested 
that  a program  aimed  at  producing  close-to-finished  castings  for  rotor  heads 
would  represent  an  attractive  cost  reduction  potential  of  several  hundred 
dollars  per  aircraft.  However,  the  Battelle  staff  feels  uncomfortable  about 
/ applying  castings  in  such  large,  critical  components  at  least  until  some 

highly  favorable  experience  is  gained  with  smaller  castings  such  as  the  con- 
trol rod  ends.  It  is  probably  true  that  applying  castings  to  the  smaller 

( 

components  would  not  save  nearly  as  much  per  helicopter.  However,  if  such 
components  are  cast  and  possibly  treated  by  hot  isostatic  processing,  it  is 
possible  to  gain  a growing  confidence  in  the  use  of  castings  to  progressively 
larger  parts  and  perhaps  eventually  to  large  rotor  heads. 

It  is  considered  appropriate  to  begin  such  effort  now,  with  the 
eventual  payoff  coming  within  5 or  6 years  when  industry  confidence  is 
increased  to  the  point  where  designers  will  turn  to  premium  titanium  castings 
for  critical  structural  components.  There  are  more  than  30  control  rod  ends 
used  in  typical  helicopters.  Thus,  experience  with  casting  in  evaluating 

^ these  in-flight  hardware  can  come  rather  rapidly  if  such  a program  is  under- 

, taken  soon. 
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There  is  still  room  for  improvement  in  the  casting  of  turbine 
components.  Estimates  vary  that  between  5 and  20  percent  of  the  castings 
must  be  reworked  or  scrapped  due  to  such  factors  as  variations  in  dimensions 
of  internal  cooling  passages,  variations  in  root/blade  twist  relationships 
and  in  overall  part-to-part  uniformity.  Some  blades  are  scrapped  due  to 
internal  voids  located  by  radiographic  techniques. 

Over  25  problems  or  potential  solutions  involving  castings  were 
recommended  by  representatives  of  industiy.  Most  of  these  relate  to  casting 
of  turbine  components.  At  least  two  engine  manufacturers  have  already 
adopted  the  use  of  HIP  as  a means  of  reducing  scrap  losses  for  metal 
porosity.  Tie  porosity  is  reduced  or  eliminated  by  the  combination  of  high 
temperature  and  high  pressures  developed  by  the  HIP  cycle.  Furthermore, 
this  process  is  now  considered  qualified  for  production,  giving  credi- 
bility to  the  application  of  HlP/castlng  in  a larger  number  of  applications. 
Most  such  application  would,  of  course,  require  some  extensive  evaluation. 
Further  discussions  centering  on  casting  technology  appear  in  the  section 
on  net-shape  processing. 
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Important  Technical  Thrusts  by  Helicopter  Subsystem 


General 

Utilizing  the  evaluation  criteria  described  previously  and  the 
grouping  of  suggested  projects  into  major  thrust  areas,  the  most  important 
technical  thrusts  to  be  considered  in  each  of  the  four  helicopter  subsystems 
are  listed  below. 


Airframe 

Engine 

Rotor 

Drive 

Composites 

Materia Is -Re la ted 
Development 

Composi  tes 

Joining 

Joining 

Casting 

Product ion -Ready 
Too  ling 

Composites 

Reduction  of 
Part  Count 

Joining 

Joining 

QC/NDT 

Produc t ion -Ready 
Tooling 

Net  Shape 

QC/NDT 

Forging 

R and  M 

R and  M 

CAD/CAM 

CAD/CAM 

QC/NDT 

These  thrust  areas  represent  those  which  had  the  highest  degree  of  comnonallty 
among  the  project  suggestions  reviewed  and  evaluated  as  having  worthy  effects 
on  helicopter  cost'.  As  would  be  expected,  the  tecii.’.ical  emphasis  differs 
for  each  subsystem. 

In  lieu  of  extensive  narrative  discussion.  Tables  10,  11,  12,  and  13 
contain  the  summation  of  our  findings  concerning  typical  problem 
areas  and  thrust  actions  for  the  solution  of  these  problems. 

More  detailed  discussion  of  problem  areas  and  thrusts  are  given 
in  the  previous  section  concerning  major  teef  .ical  thrusts  by  area  of  tech- 
nology. It  should  be  noted  that  these  problem  areas /actions  are  not  all- 
inclusive,  but  only  those  areas  with  a high  di  ee  of  comorality. 
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TABLE  10.  IMPORTANT  TECHNICAL  THRUSTS  - AIRFRAMES 


Overall  Technical  Emphasis 

Reduction  of  Part  Count  and  Labor  Costs  Through  the  Development  of 
Production  Ready-Tooling  for  Manufacture  of  ComfKDsite  Structures 
Including  Attention  to  Joining  and  Repalrability 

Typical  Major 

Problem  Areas  Thrust  Area  Thrust  Actions 


• High  labor  content  of 
composite  structures 

• Unreliable  NDE  of 
comp>08lte  structures 

• High  cost  of  curing 
composite  structures 

• Cutouts  and  holes  in 
composite  structures 
cause  localized 
weaknesses 

• High  cost  of 
specialized  composite 
materials 

• Insufficient  data  on 
fiber  reinforced 
thermoplastics  to 
permit  Implementation 

• Joining  of  composite 
structures  to  metal- 
lic structures 


r Molding  of  integral  fiber- 
reinforced  structures 


• Integrally  heated  dies  for 
curing  structures  during  lay-up 

• High  speed  microwave  tech- 
niques for  curing 


• Application  of  molded,  reinforced 
thermoplastics 


COMPOSITESJ 


Production  of  airframe  struc- 
turals  by  braiding/pultrusion 

Production  of  low-cost  light- 
weight cores  using  honeycombs, 
foams 


• Automated  broadgoods  lay-up  for 
relatively  simple  shapes 

• Qnphasis  on  quality  control/NDE 
of  composite  structures 

• Improved  structural  designs 
tailored  to  composites  (geodesic) 

• Standardization  of  materials 
for  composites 

• Continuing  attention  to  economics 
in  use  of  composites 
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TABLE  10.  (Conclnuftd) 


r 


Typical 
Problem  Areas 


Major 

Thrust  Area 


Thrust  Actions 


• Improved  joining  methods 
for  joining  comooslte  to 
metallic  structures 


COMPOS ITES 


• Design  guides  describing  when 
and  when  not  to  use  composites 

• A thorough  assessment  of  appli- 
cations and  methods  for  joining 
composites  with  adhesives  and/ 

or  mechanical  fastening 


Panels  with 
aluminum  honey- 
comb require 
extremely  close 
fit-up  and  costly 
anticorrosion 
measures 


JOINING 


High  assembly  costs 
for  small  produc- 
tion runs 

Excessive  labor 
involved  in  the 
manual  riveting  of 
structures 


New  close-outs  for 
simplified  assembly 

Broader  application  of  rivet 
bonding 

Broader  application  of  adhesive 
bonding 

Develop  tooling  for  automated 
riveting  of  production  panels/ 
assemblies 

Adhesive  joining  of  composite 
structures 
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TABLE  10.  (Continued) 


Typical 
Problem  Areas 


Major 

Thrust  Area 


Thrust  Actions 


1 


Large  number  of 
components 

- Rivets  and  other 
fasteners 

- stringers 

- Left  and  right 
hand  parts 


PART. 

COUNT 


I# 


Large  nunber  of 
part  designs 


Application  of  unitized  com- 
posite structures 

Standardization  of  components 

Redesign  L&R-hand  parts  for 
interchangeability 

Conduct  cost  trade-off  studies 
between  conventional  and  com- 
posite structures 


Tooling  for  small 
quantities,  while 
initially  less  costly, 
results  in  high  labor 
costs  when  used  for 
production 


PRODUCTION 

- READY  

TOOLING 


Airframe  forgings 
require  extensive 
machining  to  chips 


Determine  where  production- 
ready  tooling  is  a good  invest- 
ment over  total  production 
orders,  for  example: 

precision  forging 
automatic  riveting 
automatic  tape/fiber  lay-up 


Airframe  structures 
are  difficult  and 
costly  to  repair/ 
replace 

The  Influences  of  dif- 
ferent types  of  dis- 
continuities in  com- 
posite structures  are 
not  well  understood 


QC/NDE 


Identify  where  components 
and  sub-assembly  R6M  can 
be  improved 


Conduct  studies  related  to  the 
effects  of  "defects"  in  com- 
posite structures 


TABLE  11.  IMPORTANT  TECHNICAL  THRUSTS  - TURBINE  ENGINES 


Overall  Technical  Emphasis 

Improved  Performance  of  Advanced  Materials  Cast  and  Hot  Isostatic 
Processed  to  Near-Net  Shapes  to  Reduce  Costs  of  Turbine  Components. 
Production  Ready  Tooling  Will  be  Especially  Important  to  the 
T-700  Program  as  Will  Suitable  Joining  Processes. 

Typical  Major 

Problem  Areas  Thrust  Area  Thrust  Actions 


• Solid  particle  ero- 
sion of  compressor 
blading 

• Bearings  are  exposed 
to  temperature  ap- 
proaching limits  of 
materials 


MATERIALS 


CASTING 
NET  SHAPE 
FORGING 


Material  conservative  processing 

- Casting  of  T-Blades  (DS,  HIP) 

- Casting  of  C-Blades  (HIP) 

- Casting  of  stator  components 
~ Precision  forging  of  disks 

- P/M  plus  KIP  of  T-Disks 

Improved  coating  for  blades 


• Wrought  materials 
require  excessive 
machining  Co  chips 


HIP 


• Application  of  Heat-resistant 
_ bearing  materials 


• High  maintenance/ 
repair  costs 


• High  cost  of  bal- 
ancing Total  Rotor 
Assemblies 

• Designing,  con- 
touring, and  inspec- 
ting blades  repre- 
sents a high  cost 
area 


JOINING 

R&M 


QC/NDE 

CAM 


• Improved  repair  methods 

- Weld  build-up  versus  blade 
replacement 

- Diffusion  bonding 

• Computer  aided 

- Design 

- Manufacture 

- Inspection 

• Automated  multiplane  rotor 
balancing 

• N/C  machining  of  Blisks 


1 


i 


1 


1 


! 
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TABLE  12,  IMPORTANT  TECHNICAL  THRUSTS  - ROTOR 


Overall  Technical  Emphasis 

Continuing  improvements  in  Fiber  Reinforced  and  Honeycomb 
Composite  Structures,  Including  Important  Attention  to 
Production-Ready  Tooling  for  Manufacture,  Joining,  and 
Quality  Control  (Production  and  In-Service)  as  Applied 
to  Main  and  Tail  Rotor  Blades  for  Increasing 
Reliability  and  Reduced  Costs 

Typical  Major 

Problem  Areas  Thrust  Area  Thrust  Actions 


• High  labor  content  in 
lay-up  of  composite 
rotor  blades 

• Testing  of  composite 
rotor  blades  (includ- 
ing NDE)  20  to  50  f>er- 
cent  of  manufacturing 
costs 

• High  cost  of  multiple 
curing  cycles  for 
composite  blades 

• High  cost  of  Ronmetal- 
lic  blade  cores 

• Joining  af  blade/root 
represents  a quality 

• Contouring  and  trim- 
ming of  blade  forms 
represents  high  labor 
costs 

• Joining  of  blade/root 

represents  a quality 
problem  


C0MK)S  ITf;S 


PRODUCTION 

TOOLING 

CAD/CAM 

QC/NDE 

JOINING 


• Low-cost  spars  from  braided/ 
pultruded  structures 

• Application  of  lower  cost  core 
materials 

- Honeycomb 

- Injected  foams  (tall  rotors) 

• Development  of  integrally 
heated  blade  bonding  press 

• Automatic  and  semiautomatic 
tape  lay-up  machines  for 
production 

• Composites  with  lower  curing 
temperatures 

• Microwave  (RF)  curing 

• Automatic  broadgoods  lay-up 
machines 

• Standardization  of  composite 
materials 

• Develop  in-process  inspection 
systems  for  assuring  adequate 
joints  between  components 

• Diffusion  bonding  of  rotor 
hub  forgings 


TABLE  12 , (Continued) 


Typical 
Problem  Areas 


Major 

Thrust  Area  Thrust  Actions 


0 High  labor  content  in 
maintenance  of  main 
rotors 

• High  chip  losses  in 
machining  o.£  rotor 
hubs 

0 Titanium  casting  tech- 
nology not  advanced 
enough  to  permi t 
application  in  rotor 
hubs /components 


R&M 


NET 

SHAPE 

PROCESSING 


FORGING 


• Develop  alternate  sources 
for  elastomeric  bearings 

• Continued  effort  in  applying 
HIP  to  cast  parts  to  insure 
quality  adequate  for  critical 
applications 

• Improved  methods  for  manufac- 
turing nose  caps: 

- Sheet  metal  forming 

- Electroforming 

• Multiple-ram  forging  of  rotor 
hubs 


TABLE  13.  IMPORTANT  TECHNICAL  THRUSTS  - DRIVE 


Overall  Technical  Ehiphasis 

Development  of  Improved,  low-Cosc  Drive  Components  and 
Composite  Housing,  Including  Important  Attention  to 
Precision  Forging,  Nondestructive  Testing,  and  CAD/CAM 

Typical  Major 

Problem  Areas  Thrust  Area  Thrust  Actions 


• Flexibility  and  non  - ” ] 

uniformity  of  mag-  j 

nestum  housings 

• Seal  leakages 

• High  chip  losses  in 
machining  gears 


COMPOSITES 


RicM 


• Application  of  integrally 
stiffened  structures  to  housing 
CO  improve  rigidity 

• Development  of  improved  seals 
for  longer  life 

• Bearing  recondition  programs 


• Current  gear  materials 
still  lack  sufficient 
resistance  to  scoring, 
pitting,  galling,  and 
tooth  fracture 

• High  maintenance/ 
repair  costs 

• Gear  tolerances  diffi- 
cult to  achieve 


NET  SHAPE 


QC/NDT 


CAD/CAM 


• Precision  hot  forging  of  gears 
to  minimize  chip  losses 

• Modularized  construction  of 
housings  for  improved  repro- 
ducibility and  stiffness 

• Evaluate  various  gear  finish- 
ing methods  and  designs  for 
lowest  cost  yet  effective 
performance 


• Inspection  costs  for 
gears  very  high  (over 
10  percent) 

• Gears  require  high 
finishing  costs  to  pro- 
vide "super-finish"  , 

• Assen.bled  shaft  gears 
require  numerous 
fasteners  and  fittings 


PART 

COUNT 


JOINING 


• Computer-aided  inspection  of 
gear  forms  to  reduce  inspec- 
tion costs 

• Improved  gear  contour  design 
for  longer  life 

• Inertia  welding  of  shafted 
gears  to  reduce  part  count 


Reconunended  Five-Year  Technical  Guidance  Plan 


As  a basis  for  establishing  program  funding  guidance,  the  results 
of  project  review  were  used.  As  indicated  earlier,  some  55  projects 
reviewed  were  considered  to  be  implementation  oriented  representing  an  MM&T 
budget  of  about  18.3  million  dollar^  for  the  five-year  period  between  FY-77 
and  FY-82.  Combining  both  the  MM&T  and  the  Manufacturing  Development 
activities  for  the  same  period,  the  five-year  budget  would  be  established 
at  about  $65.9  million,  including  programming  for  Accelerated  Implementa- 
tion. Table  14  indicates  an  approximate  breakdown  according  to  the  four 
categories  under  consideration. 


TABLE  14.  FIVE-YEAR  FUNDING  GUIDANCE  - MANUFACTURING 
DEVELOPMENT  AND  IMPLEMENTATION 


Airframes 

$ 

33 . 1 million 

50 

percent 

Engines 

16.9  million 

26 

percent 

Rotors 

7.9  million 

12 

percent 

Drives 

8.0  million 

12 

percent 

Five-year  total 

$ 

65.9  mi  1 lion 

Tables  15,  16,  17,  and  18  show  suggested  program  duration,  funding 
and  timing  requirements  for  both  MD  and  MMScT  funds  for  the  suggested  thrust 
areas  in  each  subsystem.  Overall  thrust  areas  served  as  the  basis  for  con- 
clusions concerning  projects  or  types  of  projects  which  were  then  prioritized 
as  having  the  most  potential  for  success  based  on  the  criteria  already 
defined.  As  indicated  earlier,  this  general  methodology  provided  the  basis 
for  the  program  investigation  and  the  findings,  in  turn,  formed  the  base 
on  which  this  budget  was  estimated. 

* Includes  $16.5  million  plus  about  $1.8  million  for  program  management. 
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If  this  plan  is  adopted,  it  means  that  about  $18.3  million  would 
go  directly  to  MM&T;  about  $15  million  will  go  to  MD  programs  which,  in 
turn,  will  be  followed  by  about  $20.4  million  in  follow-on  IfISiT  programs; 
Accelerated  Implementation  programs  account  for  the  remaining  $12.2  million. 
It  must  be  repeated  that  the  establishment  of  these  budgeting  figures  is 
based  upon  those  projects  deemed  to  represent  potential  worthy  benefits  to 
the  Armv.  As  now  developments  occur,  the  specific  actions  could  change. 
Furthermore,  these  charts  represent  an  independent  analysis  and  in  no  way 
should  be  construed  as  Army  policy. 
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TABU  li.  RECOJ^ffiNDED  TECHNICAL  AND  PONDING  GUIDANCE  - AIRFRAME 


SUBSYSTEM  COMPONENTS 


activity  guidance 

TECHNICAL  THRUST  AREA  FY77  FY70  FY79  FY80  FY81 

COMPOSITES  (ORGANIC) 


MOLDING  OF  STRUCTURES 
INTEGRAL  DIE  CURINI; 


- SECONDARY 

IMKFKAMESI-  STRUCTURES 


PRIMARY 

STRUCTURES 


THEKML^PIASTIC  APPLICATIONS 
PULTRUSION,  FIBER  BRAIDING 

LIGHTWEIGHT  CORES:  HONEYCOMB 

FOAMS 

AUTOMATED  TAPE  LAY-UP 
AUTOMATED  BROADGOODS  LAY-UP 
NDT/QC 

FLUID  JET  TRIMMING 
HkOADGOODS  IMPROVEMENTS 
STRUCTURAL  DESIGN  IMPROVEMENTS 
(GEODESIC) 

ECONOMIC  ANALYSES  (AVSCOM) 
STANDARDIZATION  OF  MATERIALS 


COMPOSITES  (ABOVE) 

RIVET  IVONDINt, 

AUTOMATED  RiVETlN(; 

REPAIR  AND  MAINTAINABILITY 

COMPUTER  APPLICATIONS:  DESIGN 

INSPECTION 

MANUFACTURE 

QUALITY  CONTROL 
REDUCTION  OF  PART  COUNT 
NET  SHAPE  PROCESSING 

CASTING  - SMALL  PARTS 
URGE  PARTS 


PRODUCTION  READY  TOOLING 
MATERIALS  DEVELOPMENT 
FORGING  TECHNOLOGY 
CASTIW.  TECHN<)U)GY 

MANlTACTUKINt-  COST/ 

DESIGN  GUIDES 

ACCELERATED  IMPLEMENTATION 
MILITARY  REQUIREMENTS 

FIRE  RETARDANT  FUEL  CELU 
IK  Sl'PPRESSION 
ARMOR  DEVELOPMENT 
TRANSPARENT  ARIt)R 
CRASHWORTHINESS 


LASER  TECHNOUIGY 


TAHli:  1^.  KECOMMENOtO  TECHNICAL  AND  FUNDINC.  GUIDANCE  - Tl’KBINE  ESC.INES 


ACTIVITY  GUIDANCE 

FY77  FY78  FY79  FY80  FY8I  FY82 


TECHNICAL  TWUST  AREA 


SUBSYSTEM  COMPONENTS 


JOININC/KEPAIK 

Bl.lSK  BLADE  KEPl^CEMENT 
COMPUTER  APPLICATIONS 
MACHINING  BUSKS  N/C 
INSPECTION  OF  COMpnNENTS 
NET  SliAPF.  PROCESS  IN'; 

CASTIN(.  OF  NET  liLADLS  INCO  718 
CAST1N(.  (PLUS  HIP)  OF  fl  BLADES 

PRECISION  CASTlNi-  OF  CASINGS 
( PLUS  HI P) 


COMPRESSOR 


PRECISION  CASTlNi;  ROTORS 
( PLUS  HIP) 


ROLL  FORMING  SEALS 


PRODUCTION-BEADY  TOOLING 


‘lATEklALS  DEVELOPMENT 


IMPROVED  BLADE  EROSION 
RESISTANCE 


TURBINE 

ENGINES 


BUDF  ATTACIU^ENT 


J0IMN(,  SHAFTS  TO  DISKS 


COMPI'TER  APPLICATIONS 


AlToM/\TED  Ri'ToR  'lAIANClNl. 


rUKBIM: 


HADE  lNSPi:criOS  (QC) 


TABLE  16.  (Continued) 


ACTIVITY  CUIDANCE 


COMPONENTS 


TECHNICAL  THRUST  AREA 


FY77  FY78 


FY80  FY81 


FL'N0IS(. 

FY82  S 1000 


TURBINE 

ENGINES 


rrURBINE 


REDUCTION  IN  PART  COUNT 
JOINING  SHAFTS  TO  DISKS 
STANDARDIZE  PARTS 
NET  SHAPE  PR(X:ESSIN<: 

mKCISION  HIP  CASTING  OF  BLADES 
HIP-CAST  DISKS 
P/M-HIP  DISKS 
HIP-CAST  NOZZLES 
ROLL  FOKMINC.  SEAIS 
HOT  ISOSTATIC  I*R0CESS1NG 
CASTING  IMPROVEMENTS 
P/M  ALU3YS 

PRODUCTION-READY  TOOLIW; 

(FOB  DEVEU'PED  PROCESSES) 

T-HLAOE  COOLING  SYSTEMS 
DISK  COOLING  SYSTEMS 
MATERIAL-RELATED  DEVELOPMENT 
IR  COATINGS 
NOZZLE  IMPROVEMENT 


100 

t(Ki 

100 

200 

600 


600 

600 


500 

SOO 


COMIUJSTOH  MATERIALS 
FOKUNG  l'i:CHNOL0(.Y 

iSOTIIEKMAL  KURGING—  DISKS 
casting  TKCHN0U)GY 

OS  BIADES/ALU'Y  IMPROVEMENT 
A(.(.;  i.i  KAif-n  impu;m).niai  ion 


100 

)00 


. T 

I ■ 

* 

I 


Manufacturing  Development  Funds 

Manufacturing  Methods  and  Tochnologv  Funds 

Denotes  technical  activltv;  funding  giv«-n  i lsewtierc 
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TAtiU.  17  RKCOMMENDED  TECHNICAI  AND  I'lWDINC  ClllDANCR  - HOTX>kS 


AC7IV1TY  (;U1  DANCE 


SUBSYbTCM 


COMPONENTS 


TtCilNiCAL  THRUST  AREA 


FY77 


FY78  FY79  FYflO  KY81 


FTNDIM 

FY82  SIOOO 


CuMHuSlTtS  (Oki.ANlC) 
SFAkS 


CCRE& : rti;NLYCOMB 

FOAMS  (ALSO  TAIL  ULADES 

PIUIKUSIOS  OK  STRINGERS 
QRAIDIM.  FIttEHS 
INJFCnoN  M)li>li*. 

THERMO  WAS  nC  INSERTS 
)01NiN<  AND  TKlMHlNu 
lUADK  lIONDINt.  I%(.SS 
llKi:At<F0KM.  WtlU  fl  SFAKS 
FLUIO  JET  fRlMMINr,  COMhiSiTES 
MAINTAlSARlLiTt  AND  Ot 
iVOl  OF  IJiAi'hS 

EFFECT  OF  DFFr.CrS  IS  COMPOSITES 
REDUCTION  OF  PART  COUNT 
NET  SHAlt  PROCESS  1N(. 
FRODUCTION-KEADY  TlRil  IN(./CAM 
IJIAIIK  UONDlN(.  PRESS 
INTEGRAL  DIE  CUR1N(, 

N/C  IJROAIM.OODS  LAY-UP 
N/C  TAI*E  LAY-UP 
SHEET  FORMINi.  NOSE  CAPS 
ELECUoFiiRMl  V.  NOSE  CAPS 

COMP»)Sl  II.S 

niASToMLRIC  llURlNC.S 
JOININ'  /NET  SHAPE 

DIFFUSION  lU)NDlN(,/KORotN'.S 
lK)r  iSOSTATlC  PKOCKSSIN' 

CAST  tiURS 
p/M  - R)KCKD  HUKS 
F/M  - IlUiiS 
FOK(  iNt.  TF.CllNOUK.'J 
roMF  r«'iK'  INf  Hl.iS 


) 


ACC E 1 J.  K/\  TK l>  1 M P 1 1?  IF.N  TA 1 1 U N 


300 

300 

200 

150 

150 

350 

200 

* 

500 

300 

50 

TOO 

300 


1.200 


5'30 

500 

300 


200 

800 

* 

500 

400 

300 

100 

l.uOO 


« _ 'lanuf  ac  cut  Tn^  Dcvr  Inpm.  nt 

Manufacturing  Fk'Chods  an<i  IcchnuloRV 

* Denotes  technical  activity;  funding  given  elsewhere 
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TABLE  18.  RCCOMCKDED  TECHNICAL  AND  FUNDING  GUIDANCE  - DRIVES 


HOUSINGS 

GEARS 

BEARINGS 

SEALS 

SHAFTS 


COMPOSITES 

INTEGRALLY  STIFFENED  STRICTURE 
COMPOSITE  STRUCTURE 
COMPOS. TE  DRIVE  SHAFT 
JOININC; 

MODULARIZED  CONSTRUCTION 
INERTIA  WELDING  SHAFT  GEARS 
REPAIR  AND  MAINTAINAHI  LITY 

BEARING  RECoNDlTlONlNl.  PROGRAM 
SEAL  LIKE  IMPROVEMENT 
COMPUTER  APPLICATIONS 

GEAR  DESIGN  AND  MANUFACTURE 
IMPROVED  GEAR  DESIGN 
QUALITi'  CONTROL  (ABOVE) 

NET  SH\PE  PROCESSING 
PRECISION  HOT  FORGINf. 

CASTING  IMPROVEMENT  - HOUSINGS 
MATER1A1.S  DEVELOPMENT 

HEAT-RESISTANT  GEAR  STEELS 
CERAMIC  BEARINGS 
ACCELERATED  IMPLEMENTATION 
MISCELIJ\NE0US 


DESIGN  STUDY  - IMPROVED 
STIFFNESS  - HOUSINGS 


COOLING  SYSTEM  DEVEIDPMENT  - 
HOUSINGS 


LoW-COST  KIN1SMIN(. 


^VinuCftcturlng  Ocvclopmonc 

Mdnuf securing  Methods  and  Technology 

Denotes  technical  activity;  funding  given  clsowhcrc 
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